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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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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 Jul 1, 2021 — Dec 31, 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
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Figure 1. MicroReact map of swine IAV H1 HA genes colored by phylogenetic clade for sequences
collected and deposited to GISAID or GenBank between July 1 2021 — December 31, 2021
(n=347); collection date is represented on bottom timeline. Strains submitted with only partial date
were assigned a random date to preserve temporal clusters. Geographic nodes scaled to detection
proportions.
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Figure 2. MicroReact map of swine IAV H1 HA genes colored by phylogenetic clade for sequences
collected from January 1, 2020 — December 31, 2021 and deposited to GISAID or GenBank
between July 1, 2021- December 31, 2021 (n=507); collection date is represented on bottom
timeline. Strains submitted with only partial date were assigned a random date to preserve temporal
clusters. Geographic nodes scaled to detection proportions.
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Figure 3. MicroReact map of swine IAV H3 HA genes colored by phylogenetic clade for sequences
collected and deposited to GISAID or GenBank between July 1, 2021- December 31, 2021
(n=151). Strains submitted with only partial date were assigned a random date within the provided
year to preserve temporal clusters. Geographic nodes scaled to detection proportions.
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Figure 4. MicroReact map of swine IAV H3 HA genes colored by phylogenetic clade for sequences
collected from January 1, 2020 — December 31, 2021 and deposited to GISAID or GenBank
between July 1, 2021- December 31, 2021 (n=216). Strains submitted with only partial date were
assigned a random date within the provided year to preserve temporal clusters. Geographic nodes

scaled to detection proportions.



Contemporary Global H1 swine IAV: genetic diversity
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Figure 5. Global swine H1 phylogenetic tree colored by clade and annotated by global H1 lineage
nomenclature. Analyses were conducted with reference sequences and data (all data deposited
July 1 2021 — December 31, 2021) from GISAID or shared via the OFFLU swine 1AV working group.



Contemporary Global H3 swine IAV: genetic diversity
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Figure 6. Global swine H3 phylogenetic tree colored by clade and annotated by decade of
introduction from human seasonal H3. Analyses were conducted with reference sequences and
data (all data deposited July 1, 2021 — December 31, 2021) from GISAID or shared via the OFFLU
swine IAV working group.



Regional geographic summary

Phylogenetic analysis identified nineteen genetic clades from H1 and H3 IAV in swine collected
between July 1, 2021 — December 31, 2021.

Twelve clades were H1 subtype, with detections from each of the lineages: 1A classical swine
lineage (5 clades); 1B human-seasonal lineage (4 clades); and 1C Eurasian avian lineage (3
clades).
e The 1A classical swine lineage viruses have global detection: 1A.1.1 in USA and
Canada; 1A.2 in Canada; 1A.4 in USA; 1A.3.3.3 in USA. The 1A.3.3.2/pdm circulated in
all countries that collected sequence data during this 6 month period.

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

e The 1C Eurasian avian lineage was detected in Europe. There were no hew sequence
data reported from the HA clade 1C.2.3 in China.

Seven clades were within five distinct lineages derived from human seasonal H3 virus spillovers
grouped by the decade of introduction into swine (1970.1; 1990.1; 1990.4; 2010.1; 2010.2). The
1990.4 lineage diversified into three co-circulating genetic clades.

e The H31990.1, 2010.1, and 2010.2 clades only detected in the USA, the H3 1970.1
clade in Europe. The 1990.4 lineage circulates in the USA, Canada, and Mexico.

Global Variant Cases:

During the reporting period (July 1, 2021 — December 31, 2021), 15 variant cases were
reported and included with the swine analyses:

e USA: HIN1v (3 1A.3.3.2/pdm, 2 1A.3.3.3); HIN2v (3 1B.2.1); H1v (no sequence);
H3N2v (1 2010.1; 1 1990.4a)

e Canada: HIN2v (no sequence)

e Denmark: HIN1v (1A.3.3.2)

e France: HIN2v (1C.2.4, recommended as a CVV A/Bretagne/24241/2021)
e Austria: HIN2v (1C.2.4)

An additional 6 variant cases were reported July 1, 2021 — December 31, 2021, but
collected outside the report window. The following HA sequences were included in the
phylogenetic trees:

e Taiwan: HIN2v (1A.1.4, collected 03/12/2021)
e China: HIN1v (4 1C.2.3, collected 01/01/2021, 01/27/2021, 02/21/2021, 03/09/2021)
e Australia: H3N2v (Other-Human-1990, collected 01/27/2021 see Annex 3)



1A I H I 1 I' offlu-vemlA/swine/Illinois/2021107119/2021I1H1ISwinelUSAI1A.3.3.312021-12-10
c aSS|ca SWI ne Ineage offlu-vemlA/swine/Indiana/2021113044/2021IH11SwinelUSAI1 3.312021-12-29
offlu-vemlA/swine/lowa/2021108723/2021IH11SwinelUSAI1A. 312021-12-14
offlu-vemlA/swine/lllinois/2021100602/2021IH1ISwinel USAI1A. 312021-11-16
offlu-vemlA/swine/lllinois/2021110502/20211H1ISwinel USAI1A. 312021-12-20
publiclAVIA/swine/Minnesota/A02248203/2021IH1N1ISwinel USA 3.3.312021-09-28
publiclAVIA/swine/lowa/A02635892/2021IH1N1ISwinelUSAI1A.3.3.312021-06- 12

A.3.
3.3.
3.3.
3.8.
Al1A.

H H H offlu-vemlA/swine/lllinois/2021111236/2021IH1ISwinelUSAI1A.3.3.312021-12-2
* H1v candidate vaccine virus publiclAVIiab-22-alA/swine/MinnesotalA02638908/2021IH1N 11SWinelUSAI 1A S 52312021-06-14
offffllu vchIAA/lswme//'\l‘JSbAIZC‘)(Z)095982/202}IH1I|SFV1V|rI1§IUSAI\L}§A’o; :;Aslzozr-1 1-0
: ; offlu-vemlIA/swine/Nebraska/2021092263/20211H1ISwine 1A.3.3.312021- 10 21
. A/Wisconsin/588/2019 offlu-vemlA/swine/Nebraska/2021096367/20211H11SwinelUSAI1A.3.3.312021-11-10

publiclAVIA/swine/North_Dakota/A02636156/2021IH1N1I1SwinelUSAI1A.3.3.312021-09-20
publiclAVIA/swine/Missouri/A02636077/20211H1N11SwinelUSAI1A.3.3.312021-08-23
publiclAVIA/swine/Minnesota/A02636038/20211H1N2ISwinelUSAI1A.3.3.312021-08-05
r publiclAVIA/swine/Minnesota/A02635707/2021IH1N11SwinelUSAI1A.3.3.312021-04-19
publiclAVIA/swine/lowa/A02635804/2021IH1N1ISwinelUSAI1A.3.3.312021-05-06

publiclAVllab-20-alA/swine/Nebraska/A02214231/2017IH1N1ISwinelUSAI1A.3.3.312017-03-22
publiclAVllab-21-alA/swine/Minnesota/A02245409/2020IH1N11SwinelUSAI1A.3.3.312020-01-31

publiclAVIA/swine/Indiana/A02635887/2021IH1N1ISwinelUSAI1A.3.3.312021-06-09
offlu-vemlA/swine/Indiana/2021101596/20211H1I1SwinelUSAI1A.3.3.312021-11-19

# HI tested viruses
Requested/pending HI

CVVIA/Wisconsin/03/2021I1H1N1IHumanlUSAI1A.3.3.312021-04-01 t
~ publiclAVllab-20- aIA/swme/Iowa/Am731653/2016IH1N1ISwme\USAHA 3.3 016-02-13
publiclAVIA/swine/lowa/A02636161/2021IH1N1ISwinelUSAI1A.3.3.3/1202
offlu-vemlA/swine/lowa/2021091508/2021IH1ISwinelUSAI1A.3.3.312021-

0-19

A Consensus sequence

offlu-vemlA/swine/lowa/2021090584/2021IH1ISwinelUSAI1A.3.3.312021-10-15

offlu-vemlA/swine/Indiana/2021101828/20211H11SwinelUSAI1A.3.3.312021-11-19
publiclAVIA/swine/North_Carolina/A02635958/20211H1N1ISwinelUSAI1A.3.3.312021-07-08
publiclAVllab-20-alA/swine/North_Carolina/A02478571/2019IH1N11SyinelUSAI1A.3.3.312019-07-01
CVVllab-22-alA/Ohio/09/2015IH1N1IHumanIUSAI1A.3.3.312015-04-21 *

offlu-vemlA/swine/North_Dakota/2021094541/20211H11SwinelUSAI1A.3.3.212021-10-28

H1 1A swine genetic
clades

@ 1A.3.3.3 (n=159)
@ 14.3.3.2pam (n=116)

— publlclAVHab 22-alA/swine/lowa/A02524480/2020/H1N1ISwinelUSAI1
1A2 (n—3) offlu-vemlA/swine/Nebraska/2021097 578/2021IH1ISwmeIUSAI‘

1
publiclAVIA/swine/Nebraska/A02635831/2021IH1N1ISwinelUSAI1
offlu-vemlA/swine/Kansas/2021110210/2021IH1ISwinelUSAI1A.
@ 1A4/ILAIV (n=8)
@® 1A.1.1 (n=58)
offlu-vemllab-21-blA/swine/England/031764/2021IH1N1ISwinel GBRI1A.3.3.212021-02-10
offlu-vemllab-21-blA/swine/England/096411/2020IH1N1ISwinelGBRI1A.3.3.212020-11-27

1A.1.4 (n=1) -

oot
on
No
TR
NOL
Kge
SN

=)

ofﬂu-vcmlIab-22-a|A/swine/Eng*and/237596/2021|H1N1|Swine|GBR|1A.3.3.2I2021-04-09
offlu-vemllab-22-alA/swine/England/237719/2021IH1N1ISwinelGBRI1A.3.3.212021-04
offlu-vemllab-21-blA/swine/England/031766/2021IH1N1ISwinelGBRI1A.3.3.212021-02-10

offlu-vemlA/swine/Sonora/2021092567/2021IH11SwinelMEXI1A.3.3.212021-10-21

offlu-vemlA/swine/Indiana/2021100984/2021I1H11SwinelUSAI1A.3.3.212021-11-17
offlu-vemlA/swine/lowa/2021090180/2021IH11SwinelUSAI1A.3.3.212021-10-14
offlu-vemlA/swine/England/239257/2021IH1N1ISwinelGBRI1A.3.3.212021-06-18
publiclAVIA/swine/Zambia/278/2018/H1N1ISwinelZMBI1A.3.3.212018-01-01
publiclAVllab-20-blA/swine/Utah/A02432386/2019IH1N1I1SwinelUSAI1A.3.3.212019-04-18

publiclAVIA/swine/Denmark/2018_13984_3_1p1_Sw-L/2018/H1N2ISwinelDNKI1A.3.3.212018-01-01
_—@ vcmllab-22-alA/swine/Germany/Bak36/2017IH11SwinelDEUI1A.3.3.212017
publiclAVIA/swine/Denmark/2018_15808_4_1p1_Sw-L/2018/H1N1ISwinelDNKI1A.3.3.212018-01-01
- '——— offlu-vemllab-20-blA/swine/Denmark/SIR1570/20171H11Swinel DNKI1A.3.3.212017
offlu-vemlA/swine/Italy/234169/2021IH1N1ISwinelITAI1A.3.3.212021-07
offlu-vemllab-22-alA/swine/ltaly/241572/2020/H1N1ISwinelITAI1A.3.3. 2I2020 08-11
offlu-vemlA/swine/France/59-210394-3/2021IH1N1ISwinel FRAI1A.3.3.212021-06-08

offlu-vemlA/swine/lItaly/79604/2021IH1N1ISwinelITAI1A.3.3.212021-03-05
offlu-vemllab-20-blA/swine/Spain/45690-9/2018IH1ISwinelESPI1A.3.3.212018-01-31

offlu-vemllab-20-blA/swine/Germany/AR2279/2016IH1ISwinelDEUI1A.3.3.212016
offlu-vemllab-20-blA/swine/Republic_of_Ireland/AR6853/20161H1ISwinelIRLI1A.3.3.212016

offlu-vcmlA/swine/QC/NQQ-G/ZOZ1 IH1N1ISwinelCANI1A.212021-10-26

offlu-vemlA/swine/QC/N99-2/2 IH1N2ISwinelCANI1A.212021-10-26
offlu-vemIA/swine/ON/N105-24/20211H1N2ISwinel CANI1A.212021-02-24
offlu-vemllab-21-alA/swine/Quebec/N-2020-3-24/2020IH1ISwinelCANI1A.212020
publiclAVllab-20-alA/swine/Oklahoma/A02245237/2019IH1N1ISwinelUSAI1A.212019-09-06

offlu-vemlA/swine/Kansas/2021107073/2021IH1ISwinelUSAI1A.412021-12-09
publiclAVIA/swine/Oklahoma/A02248197/2021IH1N1I1SwinelUSAI1A.412021-09-15
publiclAVllab-22- aIA/SWIne/KaéaS/A02636184/2021|H1N1ISWIne|USAI1A 412021-09-21

offlu-vemlA/swine/Michigan/2 097904/2021IH11SwinelUSAI1A.412021-11-09
publiclAVllab-22-alA/swine/Texas/A01104132/2019IH1N1ISwinelUSAI1A.412019-05-30
publiclAVIA/swine/Kansas/A02248036/2021IH1N1ISwinelUSAI1A.412021-04-19
publiclAVIA/swine/Kansas/A02248199/2021IH1N1ISwinelUSAI1A.412021-09-21
offlu-vemlA/swine/lllinois/2021109293/2021I1H11SwinelUSAI1A.1.112021-12-15
offlu-vemlA/swine/lllinois/2021102273/2021IH11SwinelUSAI1A.1.112021-11-23

publiclAVIA/swine/North_Carolina/A02246984/20211H1N1ISwinelUSAI1A.1.112021-10-25
publiclAVllab-22-alA/swine/lllinois/A02524514/2020IH1N2ISwinelUSAI1A.1.112020-07-31 #
publiclAVllab-20-alA/swine/lowa/A02478635/2019IH1N2ISwinelUSAI1A.1.112019-08-23

pub|icIAVIA/swine/Texas/ﬁK246450/2021|H1N2ISwmeIUSAI1A.1.1|2021—04—27

5970/2021IH1N2ISwinelUSAI1A.1.112021-07-12

publiclAVIA/swine/lowa/A0

offlu-vemlA/swine/N114-30/2021IH1N2ISwinelCANI1A.1.112021-11-02
offlu-vem|A/swine/MB/N114-37/2021IH1N2ISwinel CANI1A.1.112021-11-17
offlu-vemlA/swine/lowa/2021111688/2021IH1ISwinelUSAI1A.1.112021-12-23
offlu-vemllab-21-alA/swine/Quebec/NCFAD-06-6/2020IH1ISwinel CAINI1A.1.112020
CVVllab-22-alA/Ohio/24/2017IH1N2IHumanlUSAI1A.1.112017-07-25
publiclAVilab-20-blA/swine/North_Carolina/A02245416/2020IH1N2| elUSAI1A.1.112020-02-13
offlu-vemllab-21-alA/swine/Alberta/SD0529/2020IH1N2ISwinel CANI1A.1.112020-03-09

0.03

Figure 7. Swine H1 HA genes of the 1A lineage (tree was proportionally downsampled to 65 swine
HA genes, excluding references): detections of each clade from data deposited between July 1,
2021 - December 31, 2021 are presented adjacent to the clade name.



Antigenic analysis: Swine 1A Lineage

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

consensus.
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IDCDC-RG59 A/Ohio/24/2017-like Cvv|1a.1.1  |2lPha-del 640
HIN2V
Alswine/lllinois/A02524514/2020* 1A.1.1 ﬁ"flr\‘fz"de'

A/Wisconsin/588/2019 6B1.A-5A2 6B1.A-5A2 | HIN1pdmO09

A/swine/lowa/A02524480/2020* 1A.3.3.2 H1N1pdmO09

gamma.l

A/Ohio/9/2015 CVV RG48A 1A.3.3.3 H1NLy

A/swine/Minnesota/A02635908/2021

gamma-2-

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

Reference CVV in red, seasonal vaccine strains in dark red, new swine strains in bold. Homologous
titers highlighted in grey. *Previously tested in report 2021a; **Previously tested in report 2020b

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

e The 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.

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

e The contemporary swine 1A.4 (gamma-2-beta-like) virus had a significant 8-fold decrease with
the 1A.3.3.3-clade 1 CVV A/Ohio/09/2015.
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Table 2. EU Data: Hemagglutination inhibition of CVV or human
seasonal vaccine ferret antisera against contemporary swine 1A

» > 8 fold reduction

lineage strains.

Global Clade
IA/California/7/2009

A/Brisbane/02/2018
A/Michigan/45/2015

A/California/4/2009 H1N1pdmO09 1280 l640 [320

A/Brishane/02/2018 6B.1A/183-P1 HIN1pdmO09 |1280 (1280 l640

A/Michigan/45/2015

6B.1
H1N1pdmO9 320 [320 (320

Alswine/ltaly/241572/2020 1A.3.3.2 HIN1pdmO09 160 20
1A 3.3.2 HIN1v 640 B20 [320
A/swine/Germany/Bak36/2017 1A.3.3.2 HIN1pdm09 160 [320 |80

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

The swine 1A.3.3.2 clade diversity reflects multiple human-to-swine transmission events.
Alswine/Germany/Bak36/2017 was included as it is genetically similar to the HIN1v
A/Denmark/1/2021 (Jan 2021).

A/swine/ltaly/241572/2020 clusters genetically with A/Denmark/36/2021 — a recently reported
variant for which we did not have contemporaneous swine viruses or the human variant isolate.

The contemporary swine 1A.3.3.2 (pdm09) viruses in Europe had decreased cross-reactivity to
human seasonal vaccine strains and different patterns of cross-reactivity within the swine
endemic strains.

The variant A/Denmark/1/2021 cross reacted with the HIN1pdmQ9 CVV A/California/7/2009.
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Table 3. Amino acid substitutions between representative swine 1A.1.1 clade strain compared to the

within-clade CVV (IDCDC-RG59 A/Ohio/24/2017-like CVV).

Annotations

CVV
DT |D|> X |0 |0 Z|0| <M 0 a/swine/lllinois/A02524514/2020

Site
48

132
138
141
149
155
156
170
209
224
252
310
311

Reference CVV in red, swine strains in black.

Sa
Sb
Cal

N AR AMT|ZOT |2 |0 |<|>|DCDC-RG59 A/Ohio/24/2017-like

12



Table 4 USA: Amino acid substitutions between a representative swine 1A.3.3.2 clade strains

compared to a human seasonal H1 vaccine strain (
assays. Within-clade H1N1v strains reported this period are colored orange.

Site

A/swine/lowa/A02524480/2020

Annotations

47

51

85

o

o

o

113

129

130

137

Ca2

156

Sb

161

173

185

||| Z|n|X|Z2|X

205

250

Vv

260

Reference vaccine strain in gray, swine strains in black, variant detections in orange.

OO0 |I<|T|AXA|TD|Z|0|0|n T

N

ZI<|X|A|—|r|Zln|X|=Z

ZI<|RAN|H|T | |Z|ln|X|Z

ZI<|R]N|H|T | |Z2|ln|X|Z

) used in HI

13



Table 5. EU: Amino acid substitutions between representative swine 1A.3.3.2 clade strains
compared to a human seasonal H1 vaccine strain ( ) used in HI assays.
The within-clade H1N1v strain reported this period is colored orange.

A/swine/Germany/Bak36/2017
Annotations

Alswine/ltaly/241572/2020

Site

~ | ¥ |A/swine/England/237596/2021

19
43
45
54
69
70
74
82
83
84
85
97
104
119
120
123
124
125
126
127
128
129
130
132
135
139
142

O
O

Cb
Cb

> O~ |T
py)
)

> o~ |-

O
Z|T|O|T|W

> Z|IT|O|T|W

Sa
Sa

mw|iPMX|IC|Z2(Z2|0(4|0O

XP|PI<|X|Z|0|0|T|Z2|T|s(d/”"O|I1Z|0|Z|0|d|n|rF |0 X |0 X <™

Caz2

pzd
wn
wn




Sa

Sb

Sa

Sa

Sa

Sb

Caz2

V | Cal

Q

Q

Q |Q |Q

R

149
152
155
156
162
163
164
166
168
176
183
185
186
187
190
191
194
196
197
202
203
205
210
216
222
223
228
233
250
256
259
261
270
272
274
282
283
295
298
302
308
311
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313 R K
321 vV |T |D I T

Reference human seasonal vaccine in gray, swine strains in black, variant detection in orange.




Table 6. Amino acid substitutions between representative swine 1A.3.3.3 clade strain compared to

the within-clade CVV (A/Ohio/09/2015 RG48A) used in the HI assay, and the most similar within-
clade CVV (A/Wisconsin/03/2021). Within-clade H1N1v detected within this reporting period are

presented in orange.

Relative to HI

Site

Annotations

Relative to most similar CVV

Site

A/swine/Minnesota/A02635908/2021

Annotations

™ | = |a/swine/Minnesota/A02635908/2021

35

36

Py

35

45

36

48

> | )| =™ = a/Wwisconsin/03/2021

> X0 |4

>X|A0|H|r|H

45

56

48

X| X Z |7 | X |A/Ohio/09/2015

71

Cb

56

74

Cb

71

>

Cb

84

74

Cb

86

m

m

m

84

113

Py

Py

Py

86

pd

127

oM X0V HWOV|>

113

A

129

127

142

Caz

129

z

146

142

Ca2

149

146

153

Sb

149

155

OO I<|T|O”

Sa

153

Sb

161

155

Sa

163

Sa

161

166

Cal

163

Sa

169

ATIHI<IO0|<|T|D|O

ANTIHI<IO0|<|T|D|O

166

Cal

170

mXx|—|9<|O0|<|T|DT|O

Cal

169

171

XA | mx|T|X|Z|Zzm|X|Z|0|0|>|Z|[X|D|X|Z|7| X |aA/Ohio/09/2015 RGA8A

S| MX|T|A

170

QA= |- ImMmX|—|X]|Z2|Z2

Cal

171

Amx|T|H|<|eOo|<|T|I|OMIT|MZIONO|Z> XD ™| AWisconsin/03/2021
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Sb

Sb

Sb

Ca2

R IQ |Q |Q |Q |Sh

S |A |A |A A

183
186
189
190
193
195
196
197
205
211
222
224
250
269
270
271
323

Sb

Sb

Sb

Sb

S |S |S |S

D |D |D |D

D D D |D

S |S |S |S

P

T |A |A |S |S

N

S |[A A A |A

G |b |D |D |D |Ca2

vV |[A A A |A

E

P

183
186
189
190
193
195
196
197
205
211
222
224
250
269
270
271
323

Reference CVV in red, swine strains in black, variant detections in orange.
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Table 7. Amino acid substitutions between 1A.4 compared to the human H1 vaccine

) used in HI assays and the most similar vaccine

Relative to most similar vaccine

Relative to HI

suoljejouuy

Cb

Cb

Ca2

Cal

6102/CETYOTTOV/SEX31/UIMS/Y

T

N

E

A

K

G

E |[A |RBS

Site
35

40

71
73
83
84
97

119
120
126
127
128
129
130
138
142
146
149
168
170
186
205
216
224
239
258
260

suonelouuy

Cb

Cb

Ca2

Sb

Sa

Sa

Sa

Cal

6T0Z/CETYOTTOV/SEXDL/BUIMS/Y|

T

S |Cb

N

K

E

A

R

Q

Site
35

40

71

73
74

119
120
126
127
128
129
130
138
142
146
149
156
161
162
163
164
168
170
183
185
186
203
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205
224
239
250
256
258
260
261
271
278
283
295
298
302
310
314
321

<|IrF|d4|x"|—|I<|mAd|T0(>»|OMmMm (> |X|M|0

TIZIRMK<|TIR|IZIO0O0N|OIXR|PI<|HP|R

Reference human seasonal vaccine in gray, swine strains in black.

261

271

278

298

302

310

314

| |/x|—||0|>

2 AML<|IZIn|n
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= = publiclAVIA/swine/Minnesota/A02248190/2021IH1N2ISwinelUSAI1B.2.112021-08-23
1 B human-llke Ilneage offlu-vemlA/swine/Ohio/2021091423/2021IH1ISwinelUSAI1B.2.112021-10-28
publiclAVIA/swine/lowa/A02636065/2021IH1N2ISwinelUSAI1B.2.112021-08-13
offlu-vemlA/swine/lowa/2021104307/20211H11SwinelUSAI1B.2.112021-11-30
offlu-vemlA/swine/Minnesota/2021099557/20211H1ISwinelUSAI1B.2.112021-11-12
publiclAVIA/swine/lowa/A02635818/20211H1N2ISwinelUSAI1B.2.112021-05
publiclAVllab-22-alA/swine/lowa/A02635863/2021IH1N2ISwinelUSAI1B.2. 1I2021 06-04

H H H publiclAVIA/swine/lowa/A02636062/2021IH1N2ISwinelUSAI1B.2.112021-08-16
* H1v candidate vaccine virus publiclAVIA/swine/lowa/A02636125/20211H1N2ISwinel USAI1B.2.112021-09-07
Offrlplf VI?A"\]III;A\«//swme/Illowa;iom09441?/ZOZFFLH;\IISIVSVIneIUIlsJéRIB 2. 1I2|021-10-28
; public swine/lowa/A02635810/20211H1N2ISwine 1B.2.112021-05-07
B A/Brisbane/59/2007 publiclAVIA/Swine/lowa/A02635988/202 1HIN2ISwinel USAITB 2.112021-07-22
. . public swine/lowa/A02635937/2021IH1N2ISwine 1 212021-06-28
Previous seasonal H1N1 vaccine publiclAVIA/swine/Illinois/A02635758/20211H1N2ISwinel USAI1B.2.112021-04-27

publiclAVIA/swine/Illinois/A02636104/20211H1N2ISwinel USAI1 2.1I2021 -08-31
offlu-vemlA/swine/lllinois/2021102345/2021IH11SwinelUSAI1B.2.112021-11-23
offlu-vemlA/swine/Indiana/2021098321/2021IH1ISwinelUSAI1B.2.112021-11-10

. publiclAVIA/swine/lowa/A02636025/20211H1N2ISwinel USAI1B.2.112021-08-05
# HI tested viruses IpublchAVIA/swnne/MlssourllA02636006/2021IH1N2ISW|neIUSAI1B 2.112021-07-20
publiclAVilab-19-blA/swine/Michigan/A01104117/2018IH1N2ISwinelUSAI1B.2.112018-07-27

Requested/pending HI CVVilab-22-alA/Michigan/383/2018IH1N2IHumanlUSAI1B.2.112018-07-31 *

A Consensus sequence offlu-vemlA/swine/lowa/2021108381/20211H11SwinelUSAI1B.2.112021-12-13
publiclAVIA/swine/lowa/A02635907/20211H1N2ISwinel USAI1B.2.112021-06-14
pumic|AV|A/swine/lowa/aozeeews/zom|H1 N2ISwinelUSAI1B.2.112021-08-23

publiclAVIA/swine/lowa/A02635853/20211H1N2ISwinelUSAI1B.2.112021-05-21
publiclAVIlab-21-alA/swine/lllinois/A02139356/2018IH1N2ISwinelUSAI1B.2.112018-01-03
H1 1 B H t publiclAVIA/swine/North_Carolina/A02635866/2021/H1N2ISwinelUSAI1B.2.112021-06-11
swine gene IC publiclAVIA/swine/Indiana/A02636073/2021IH1N2ISwinel USAI1B.2.112021-08-23
publiclAVIA/swine/North_Carolina/A02636056/20211H1N2ISwinelUSAI1B.2.112021-08-18
I d offlu-vem|A/swine/North _Carolina/2021092296/20211H1ISwinelUSAI1B.2.112021-10-21
claaes publiclAVIA/swine/North_Carolina/A02635865/20211H1N2ISwinel USAI1B.2.112021-06-11
publiclAVIA/swine/North_Carolina/A02636175/2021IH1N2ISwinel USAI1B.2.112021-09-16
publiclAVIA/swine/Indiana/A02635956/20211H1N2ISwinelUSAI1B.2.112021-07-09
offlu-vemlA/swine/Michigan/2021100700/20211H11SwinelUSAI1B.2.112021-11-16
offlu-vemlA/swine/Oklahoma/2021112289/20211H1ISwinelUSAI1B.2.112021-12-31
1B.2.1 (n=1 13) pubI|cIAVIA/SW|ne/lowa/A02635968/2021IH1N2ISW|neIUSAI1B 2.112021-07-12
public AVIA/swme/CoI0rado/A02635977/2021|H1N2ISwme|USA' B.2.112021-07-14
@ 1B.2.3 (n=1)

CVVllab-20- bIA/Oh|0/35/2017\H1N2IHumanIUSAI1B 2.112017-08-1
1B 2 2 2 _25 publiclAVIA/swine/lowa/A02635991 21IH1N2ISwinelUSAI1B.
L.L. (n— ) offlu-vemlA/swine/lowa/2021094023/2021I1H1ISwinelUSAI1B
publiclAVIA/swine/Illinois/A02636018/2021IH1N2ISwinel USAI
offlu-vemiA/swine/lowa/2021106336/20211H11Swinel USAI1B.2.2
1B.2.2.1 (n=1 5) offlu-vemlA/swine/Missouri/2021099985/20211H11Swinel USAI1 21202
publiclAVIA/swine/lowa/A02635820/20211H1N2ISwinelUSAI1B.2. :2.212021-05-12
publiclAVIA/swine/lowa/A02635756/2021IH1N2ISwinelUSAI1B.2.2.212021-04-28
. 1B.2.4 (n=1) publiciAVIlab-22-alA/swine/lowa/A02524534/20201H1N2ISwinel USAI1B.2.2.212020-08-12 F

publ|cIAVIA/SW|ne/Texas/AO2246975/2021IH1N2ISwmeIUSAI1B.2.2.2I2021-10-08
—- publiclAVIA/swine/lowa/A02635842/2021IH1N2ISwinelUSAI1B.2.2.212021-05-18
1 B1 22 (n—1 1 ) publiclAVIA/swine/Kansas/A02248188/2021IH1N2ISwinelUSAI1B.2.2.212021-08-13
publiclAVlIlab-20-blA/swine/Colorado/A02245414/2020IH1N2ISwinelUSAI1B.2.2.212020-02-06
publiclAVllab-20-alA/swine/Minnesota/A02478597/20191H1N2ISwinelUSAI1B.2.2.212019-07-22
publiclAVIA/swine/Indiana/A02635972/20211H1N2ISwinelUSAI1B.2.2.112021-07-13
offlu-vemlA/swine/lllinois/2021102425/20211H11SwinelUSAI1B.2.2.112021-11-23
publiclAVIA/swine/Ohio/A02636017/2021IH1N2ISwinelUSAI1B.2.3.112021-07-30
CVVllab-22-alA/lowa/32/2016IH1N2IHumanlUSAI1B.2.2.112016-11-04
offlu-vemlA/swine/lowa/2021109026/2021IH11SwinelUSAI1B.2.2.112021-12-15
publiclAVllab-22-alA/swine/Wyoming/A02525343/2021IH1N2ISwinelUSAI1B.2.2.112021-04-05 #
ubliclAVIA/swine/lllinois/A02636111/2021IH1N2ISwinelUSAI1B.2.2.112021-08-30
offlu-vemlA/swine/lowa/2021101334/20211H11SwinelUSAI1B.2.2.112021-11-18
offlu-vemlA/swine/lowa/2021101858/2021IH11SwinelUSAI1B.2.2.112021-11-19
publiclAVIA/swine/Indiana/A02635833/2021IH1N2ISwinelUSAI1B.2.2.112021-05-14

publiclAVIA/swine/Nebraska/A02636042/2021IH1N2ISwinelUSAI1B.2.2.112021-08-09

publiclAVllab-22-alA/swine/lowa/A02478968/20201H1N2ISwinelUSAI1B.2.2.112020-01-02 #
publiclAVIA/swine/Colorado/A02246985/2021IH1N2ISwinelUSAI1B.2.2.112021-11-03

1B.1.2.3 (n=1)
@ B.1.2.1 (n=1)
@ 1B.1.1 (n=5)

offlu-vemllab-21-blA/swine/ltaly/135572/2021IH1N2ISwinelITAI1B.1.2.212021-04-20
offlu-vemlA/swine/lItaly/346921/20211H1N2ISwinel ITAI1B.1.2.2]12021-10-12
offlu-vemllab-22-alA/swine/Italy/118638/2021IH1N2ISwinelITAI1B.1.2.212021-04-29
offlu-vemlA/swine/Italy/81755/2021IH1N2ISwinelITAI1B.1.2.212021-03-08
offlu-vcmlA/swine/ltaly/286519/x1IH1N2ISwineIITAI1B.1.2.2I2021-08-23

offlu-vemlA/swine/Italy/35103/2021IH1N2ISwinelITAI1B.1.2.212021-01-29
offlu-vemlA/swine/ltaly/46249/2021IH1N2ISwinelITAI1B.1.2.212021-02-08
offlu-vemlA/swine/Italy/36005/2021IH1N2ISwinelITAI1B.1.2.212021-02-01
offlu-vemllab-21-blA/swine/ltaly/110217- 1/2021IH1N2ISW|neIITAI1B 1.2.212021-03-30
offlu- vcmIA/SWlne/ltaly/39688/2021IH1N2ISW|neIITAI1B 1.2, 2I20 02-
offlu-vemllab-20-blA/swine/Italy/202244/20191H 1N2|SW|neIITAI1B 22|2019 06-08

offlu-vemlA/swine/ltaly/195259- 1/2021IH1N2ISW|neIITAI1 1.2.212021-06-07
. publiclAVIA/swine/ltaly/20-30224 _4/2020IH1N2ISwinel ITAI1 B.1 | -03-03
ubliclAVIA/swine/ltaly/20-113978 _14/2020IH1N2ISwinel ITAI1B. | 0-09-18

.2.21202
offlu-vemllab-21-alA/swine/Italy/185280/20201H1N2ISwinel ITAI1B.1.2.212020-06-25
offlu-vemllab-20- bIA/SWIne/ItaI 126300/2019IH1N2ISwinelITAI1B.1.2.212019-04-09

offlu- vcmllab 22-alA/Sw/France/29-200240/2020/H1N2ISwinelFRAI1B.1.2.312020-07-21
offlu-vemlA/swine/France/22-210302-2/2021IH1N1ISwinelFRAI1B.1.2.312021-03-09
publiclAVllab-21-blA/swine/Belgium/Gent-114/2019IH1N2ISwinelBELI1B.1.2.112019-01-01
publiclAVllab-21-blA/swine/Belgium/Gent-178/2019IH1N2ISwinelBELI1B.1.2.112019-01-01
offlu-vemllab-21-blA/swine/Gent/249/2020IH1N2ISwinelBELI1B.1.2.112020-06-03
offlu-vemllab-22- a\A/swme/ItaIyM95061/2021IH1N2ISW|neIITA\1B 1.2.112021-06-07
offlu-vemllab-20-blA/swine/Spain/40340-2/2017IH11SwinelESPI1B.1.2.112017
offlu-vemlA/swine/England/102081/2021IH1N2ISwinelGBRI1B.1.112021-04-09
offlu-vemlA/swine/England/102076/2021IH1N2ISwinelGBRI1B.1.112021-04-09
offlu-vemllab-21-blA/swine/England/092944/2020IH1N2ISwinelGBRI1B.1. 1I2020 09-02
offlu-vemllab-22-alA/swine/England/062058/2018IH1N2ISwinelGBRI1B.1.1120
offlu-vemllab-21-blA/swine/England/263079/2020IH1N2ISwinelGBRI1B.1. 1I2020 10-19
‘—f offlu-vemllab-22-alA/swine/England/103120/2021IH1N2ISwinelGBRI1B.1.112021-04-29
o

offlu-vemllab-22-alA/swine/England/100227/20211H1N2ISwinelGBRI1B.1.112021
fflu-vemllab-22-alA/swine/England/208046/2018|H1N2ISwinelGBRI1B.1.112018
T offlu-vcmlIab-22-aIA/swine/AngIand/238434/2021IH1N2ISW|neIGBRI1B1 .112021-05-13

0.02

Figure 8. Swine H1 HA genes of the 1B lineage (tree was proportionally down sampled to 78 swine
HA genes, excluding references): detections of each clade from data deposited between July 1,
2021 - December 31, 2021 are presented adjacent to the clade name.
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Antigenic analysis: Swine 1B Lineage

Table 8. USA Data: Hemagglutination inhibition of CVV vaccine ferret antisera against

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

A/swine/lowa/A02524534/2020* 1B.2.2.2

dlb HIN2

[0}
—
o
A\
™ ©
© 3 =
) = N
5 ® S | g
= S ca| B
o O 22X =
Lo
© 0 =0l 2
O -] S d <
A/Michigan/383/2018 RG58A 1B.2.1 d2 H1IN2v 80
A/swine/lowa/A02635863/2021 1B.2.1 d2 HIN2 80
Allowa/32/2016 1B.2.2.1 |dla H1N2v 320
A/swine/lowa/A02478968/2020* 1B.2.2.1 |dla H1IN2 20 | 160
A/swine/Wyoming/A02525343/2021** 1B.2.2.1 |dla H1IN2 10 80

10

40

> 8 fold reduction

Reference CVV in red, new swine strains in bold. Homologous titers highlighted grey. *Previously
tested in report 2021a; **Previously tested in report 2021b

e The contemporary swine 1B.2.1 (delta-2) was cross-reactive to CVV A/Michigan/383/2018.

e Two contemporary swine 1B.2.2.1 (delta-1a) representing diverging clade were tested.
A/swine/lowa/A02478968/2020had a 2-fold decrease and A/swine/Wyoming/A02525343/2021
had a 4-fold reduction from the within clade CVV A/lowa/32/2016.

e 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/lowa/32/2016.
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Table 9. UK & EU Data: Hemagglutination inhibition of CVV vaccine ferret antisera against
contemporary swine 1B lineage strains selected to represent clade consensus.

* > 8 fold reduction
< » 8 fold reduction

o

AN
Q g ™
00]
g = S
(@) s =
© =< g
° | 28| 5
O X

L 1B.2.1 d2

A/Michigan/383/2018 RG58A H1N2V 160

H1
seasonal

A/Chile/1/1983

A/swine/England/062058/2018

A/Sw/France/29-200240/2020

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

titers highlighted in gray.

e The swine 1B.1.1 was cross-reactive to CVV A/Chile/1/1983.

e The contemporary swine 1B.2.3 representing strains circulating in France had a significant
decrease in cross reactivity to the 1B.2.1. CVV and the human seasonal strain reference.
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Table 10. Amino acid substitutions between representative swine 1B.2.1 strain compared to the

within-clade CVV (A/Michigan/383/2018 RG58A). Within-clade H1N2v detected within this reporting

period are presented in orange.

Reference CVV in red, swine strains in black, variant detections in orange.

N
<
2| S
0@
=13
o)
=R
81 8|«
o™ < o — —
SIBIS18]8 0
% = D IO N c
s | 2| z|a|T| 8
2/l |2 @ <
Sle|l &l o] @ ©
S|3|2|5|3] £
: Q= 2| =
Site |2 || c|a|=| <
71 N |T |T |T - Cb
130 T P
149 L |V
166 T I Cal
170 G |E Cal
173 VvV |1
Sbh,
189 R RBS
256 E
260 S |G
261 F |S
289 S N [N |N
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Table 11. Amino acid substitutions between representative swine 1B.2.2.1 and 1B.2.2.2 strains

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

suoleljouuy

Cb

RBS

Sb

Sa

Cal

Cal

0202/7ESzSeov/emol/puims)ylz z e dt

E

T202/£¥£G2S2Z0V/BuiwoAp/auims)y|T°Z2'2° 9T

0202/8968.7720V/emol/auims/v|T'z'2 T

vV |V |V

9T0Z/ZEMeMO|/N

L

T |A |A A

Site

19
50
72

74
82

84
85
86
94
96

106
119
129
130
132
141
149
153
157
166
168
170
175
176
183
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184
186
187

RBS
Sb,

RBS
RBS

193

194
202
208
215

222

228
236
237
241
244
249
256
269
271
273
274
277
283
287
289
310
314 L

Reference CVV in red, swine strains in black.
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Table 12. Amino acid substitutions between representative swine 1B.1.X strains compared to the

most similar human seasonal vaccine A/Chile/1/1983 used in HI assays.

suoljeljouuy

Cb

Cb

Cb

Sa

Sa

020¢/0t¢00c-6¢/°dueld/MS/V €2 T°dT

T202/8€98TT/Alel/PuIms)Y 22 T'dT

T202/T90S6T/Alel/Puims)yY T'2°T'dT

T20¢/L2200T/puelbuz/puims/y 11T

T202/0ZTE0T/Pue|bua/BUIMS/Y T'T T

8T0¢/97080¢/pue|bul/auims/y 11T

8T02/850290/pue|buz/auIms)y T°T°9T

€86T/T/AIIYD/Y

Site
14
19
35

36
43

44
47

48

54
57

68
70

71

73
82

83
84
85
88
89

94
96

106
111
116
124
125
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RBS
RBS
RBS

Sb

Sa

Sa

Sa

Sa

Sa

Cal

Cal

RBS
Sb,

RBS
Sb,

RBS
Sb,

RBS

R |R |Ca2

R

MM | M|V

D D |D |D

A |V |V |V |V

N

T A A A A A A A

127
128
129
130
132
134
135
138
139
141
142
143
146
153
155
157
161
162
163
164
166
168
169
170
171
176
179
181
183
184
185
187
189

190

193
196
202
203
207
208
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209

211

215

216

220

RBS

222

Ca2,
RBS

232

235

®

237

Cal

238

241

248

252

256

258

260

261

262

267

268

—H|— ™|

270

272

276

2

277

278

—

283

py)

288

pd

290

295

298

299

305

307

308

x| —|m| >

||| >

310

311

313

K

315

A

321

TNI<|BAFABIK<|IA ALK K|IT|I0OORAP|IOZPI0H4OMOO0 P sIm|—|0O0md 2 |<|/X[> 2D

Vv

Reference vaccine strain in gray, swine strains in black.
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. . .
offlu-vemllab-22-alA/swine/France/53-210091-2/2021IH1N2ISwinel FRAI1C.2.4[2021-01-21
1C Eurasian avian lineage e R e AN e
offlu-vemllab-22-alA/swine/France/35-210140-1/2021IH1N2ISwinelFRAI1C.2 021-02-15
offlu-vemllab-21-alA/Sw/France/29-200254/2020IH1N2ISwinelFRAI1C.2.412020-08-13
. . . offlu-vemllab-22-alA/swine/France/72-210055-1/2021IH1N2ISwinelFRAI1C.2.412021-01-11
H1v candidate vaccine virus publiclAVIA/swine/Denmark/2017_1224_1_1p1/2017IH1N2ISwinelDNKI1C.2.412017-01-01
publiclAVIA/swine/Denmark/2017_11806_2. 2F1/2017IH1N2ISW|ne\DNKI1C 2.412017-01-01
offlu-vemlA/swine/Italy/96050/2021IH1N2/SwinelITAI1C.2.412021-03-18
offlu-vemlA/swine/Italy/99371/2021IH1N2ISwinelITAI1C.2.412021-03-22
offlu-vemllab-20-blA/swine/ltaly/49456-3/2019IH1N2ISwinelITAI1C.2.412019-02-11
offlu-vemllab-21-blA/swine/ltal /388470/2020IH1N2ISW|neIITAI1C 2.412020-11-
publiclAVIA/swine/Denmark/2017_6106_2_2p1/2017IH1N2ISwinelDNKI1C.2.412017-01-01
# pubkl)llcI/|3;&/\I”AA/7W|ne/li)lenlm/grk/gé)g63 3/728 23 IIS-IP1N/2IOS17|H1I'I\"I'2Alswén§|zllleK2l1C g .412017-01-01
1 public swine/lta 0 020IH1N1ISwine 1 2020-08-11
HI teSted viruses offlu- vchA/swme/ItaI{l/238819 1720211H1N1ISwinelITAI1C.2.412021-07-1

3

. offlu-vemllab-21-alA/swine/ltaly/69273/2020/H1N1I1SwinelITAI1C.2.412020-02-26
Requested/pendmg HI offlu-vemlA/swine/ltaly/260451/20211H1N2ISwinelITAI1C.2.412021-07-30
offlu-vemlA/swine/ltaly/348423/2021IH1N2ISwinellTAI1C.2.412021-10-13

A C offlu-vemllab-22-alA/swine/France/56-180424/2018/H1N2ISwinelFRAI1C.2.412018-10-23
onsensus Sequences offlu-vemllab-21-blA/swine/ltaly/97879/2021IH1N2ISwinelITAI1C.2.412021-03-19
offlu-vemllab-21-blA/swine/ltaly/114436/20211H1N2ISwinelITAI1C.2.412021-04-01

publiclAVIA/swine/ltaly/19-125153_7/2019IH1N2ISwinelITAI1C.2.412019-09-26

publiclAVIA/swine/Denmark/2017_2139_4_1p1/2017IH1N1ISwinelDNKI1C.2.412017-01-01

offlu- vchA/swme/ltaly/375366/2021IH1N2ISW|ne|ITAI1C 2.412021-
- publiclAVIA/swine/Denmark/2018 90 1p1/. 8IH1N2ISwinelDNKI1

H1 1C swine publiclAVIA/swine/Denmark/2017_11 771 1 1p1/2017IH1N2|SW|neIDNKI 1C.
publiclAVIA/swine/Denmark/2017_1210_2/2017IH1N2ISwinelDNKI1C.2.41201
offlu-vem|A/swine/lItaly/331116/20211H1N2ISwinelITAI1C. 2. 4I 02

2
genetic Clades offlu-vemllab-22- aIAISW|ne/ltaly/358072/2021IH1N2\SW|neIITA\1

publiclAVIA/swine/Denmark/2018_14097_3_1p1/2018IH1N2ISwinelD

1
C. 2 4|2018 01-01
2.412017-01-01
7-01-01

1-

C. I2021 10-20
NKI1C.2.412018-01-01

publiclAVIA/swine/Denmark/2017_13371_3_3p1/2017IH1N2ISwinelDNKI1C.2.412017-01-01
publiclAVIA/swine/Denmark/2017_14412_1_1p1/2017IH1N2ISwinelDNKI1C.2,412017-01-01
publiclAVIA/swine/Denmark/2018_455_1_1p1/2018IH1N2ISwinelDNKI1C.2.412018-01-01

1C.2.4 (n=41) publiclAVIA/swine/Denmark/2017_10640_2_2p1/2017IH1N2ISwinelDNKI1C.2.412017-01-01
publiclAVIA/swine/Denmark/2017 18204 _3 3p1/2017IH1N2ISwmeID NKI1C.2.4/12017-01-01

publiclAVIA/swine/Denmark/2018_4528 2 1 p1/2018|H1N2|SwmeIDNKI 1C.2.412018-01-01

1C.2 (n=1) publiclAVIA/swine/Denmark/2017_13525_2_2p1/2017IH1N2ISwinelDNKI1C.212017-01-01

offlu- vchA/swme/ItaIy/345141/2021IH1N1ISWlneIITAI1C 2.212021-10-11
offlu-vemllab-22-alA/swine/ltaly/348919/2021IH1N1ISwinelITAI1C.2.212021-10-13
1C.2.2 (n=9) offlu-vemlA/swine/ltaly/87438/20211H1N1ISwinel ITAI1C.2.212021-03-1
offlu-vemlA/swine/ltaly/312867-6/2021I1H1N1ISwinelITAI1C.2.212021-09-15
1C.2.1 (n=12) offlu-vemlA swine/ltaly/385488-3/20211H N2 SwinelI TAI1C 2:212021-11-09
offlu-vemlA/swine/Italy/353554/20211H1N1ISwinelITAI1C.2.212021-10-18
offlu-vemlA/swine/ltaly/116175/2021IH1N1ISwinelITAI1C.2.212021-04-06
1C.2.5 (n=1 5) offlu-vemlA/swine/ltaly/325042/20211H1N11Swinel I TAI1C.2.212021-09-23
offlu-vemllab-20-blA/swine/Belgium/SIR5289/2017IH11SwinelBELI1C.2.212017

1C.2.3 (n=4v) publiclAVIA/swine/Denmark/2018_17727_4 1p1/2018IH1N1ISW|neI K11C.2.212018-01-01
CVVllab-22-alA/Hessen/47/2020I1H1IHumanIDEUI1C.2
offlu-vemllab-20-blA/swine/German /AR8941/2016IH1ISwmeIDEUI .212016

offlu-vemllab-20-blA/swine/Belgium/Gent/31/2018IH1ISwinelBELI1C. 2.212018
offlu-vemllab-20-blA/swine/Spain/6370-2/2018IH1ISwinelESPI1C.2.212018-01-25
publiclAVIA/swine/ltaly/20-5703-2/2020IH1N1I1SwinelITAI1C.2.112020-01-07
publiclAVIA/swine/ltaly/20-5709-1/2020IH1N1I1SwinelITAI1C.2.112020-01-07
publiclAVIA/swine/ltaly/20-5707-1/2020IH1N11SwinellITAI1C.2.112020-01-07
publiclAVIA/swine/ltaly/19-176304-1/2019IH1N1ISwinelITAI1C.2 1I2019 12-19

offlu- vchA/swme/ItaIy/122889/202 |H1N1ISW|ne|ITAI1C 2. 1I 202

1-04-10
publiclAVIA/swine/ltaly/19-176305_7/2019IH1N1ISwinelITAI1C.2.112019-12-19
offlu-vemllab-22- aIA/SW|ne/I§//175739 1/2021IH1N2ISW|neIITAI1C 2.112021-05-20
Y,

offlu-vemllab-21-blA/swine/lta 9598/2021IH1N1ISW|neIITAI1C 2.112021-03-05

PublchAVIA/swme/ItaIyH9 176305_8/2019IH1N1ISwinellITAI1C.2.112019-12-19

_ offlu-vemllab-20-blA/swine/Belgium/Gent/9- P20/2018IH1ISwinelBELI1C.2.112018
CVVllab-22-alA/Netherlands/3315/2016/H1IHumanINLDI1C.2.112016-11-04

offlu-vemllab-21-alA/Sw/France/85-200222/2020IH1N1ISwinelFRAI1C.2.112020-07-13
offlu-vemllab-22-alA/swine/France/22-210309-2/2021IH1N1ISwinelFRAI1C.2.112021-02-26
offlu-vemllab-20-blA/swine/Spain/45690-4/2018IH1ISwinelESPI1C.2.112018-01-31

offlu-vemllab-20-blA/swine/Germany/Bak63/2017IH11SwinelDEUI1C.2.112017

2020-01-10
|2020 09-20

offlu-vemllab-21-blA/swine/Gent/25/2020IH1N1ISwinelBELI1C.2.
CVVllab-22-alA/Netherlands/10370-1/2020/H1N1ISwineINLDI1C.2.1
offlu-vemllab-20-blA/swine/Belgium/Gent/13/2017IH1ISwinelBELI1C.2.112
offlu-vemllab-20- bIAISW|ne/France/SIH3244/2017IH1ISW|ne|FHAI1C 1
offlu-vemllab-20-blA/swine/Spain/40340-1/2017IH1ISwinelESPI1
offlu-vemllab-20-blA/swine/ltaly/76625-3/2019IH1N1ISwinellT
publiclAVIA/swine/ltaly/19-49885-4/2019IH1N1ISwinelITAI1C.
publiclAVIA/swine/ltaly/17-66671-3/2017IH1N1ISwinelITAI1C.2.1

"

017
I?C 2. 1I2019 03-04
5

—I\)

2017-
offlu-vemllab-21-blA/swine/ltaly/16671/2021IH1N2ISwinellITAI1C.2.112021-01-18
offlu-vemllab-21-alA/swine/ltaly/64366/2020/H1N2ISwinelITAI1C.2.112020-02-21
publiclAVIA/swine/ltaly/18-92341-2/2018IH1N1I1SwinellTAI1C.2.112018-07-10
offlu-vemllab-20-blA/swine/Spain/6370-1/2018IH1I1SwinelESPI1C.2.112018-06-02
offlu-vemllab-21-alA/swine/ltaly/86554/2020/H1N1ISwinellTAI1C.2.512020-03-11
offlu-vemlA/swine/ltaly/298374/20211H1N2ISwinellTAI1C.2.512021-09-02
publiclAVIA/swine/ltaly/17-55088-13/2017IH1N1ISwinelITAI1C.2.512017-05-04
publiclAVIA/swine/ltaly/17-55088-15/2017IH1N1ISwinelITAI1C.2.512017-05-04
offlu-vemllab-21-blA/swine/ltaly/114094-5/2021IH1N1ISwinelITAI1C.2.512021-03-23
offlu-vemllab-22-alA/swine/ltaly/127069/2020I[H1N1ISwinelITAI1C.2.512020-05-11
publiclAVIA/swine/ltaly/2Q-18057-6/2020/H1N1ISwinel ITAI1 512020-02-05

c.2.
—— publiclAVIA/swine/ltaly/19-162065-4/2019IH1N2ISwinelITAI1C.2.5|
—— publiclAVIA/swine/Denmark/2018_2511_1 1p1/2018IH1N2ISW|neIDNKI
publiclAVIA/swine/Italy/19-142834/2019 IH1N2ISW|neIITAI1C
publiclAVIA/swine/ltaly/19-142834-30/2019IH1N2ISwinelITA
publiclAVIA/swine/ltaly/18-45794-40/2018I/H1N2ISwinelITAI1C.
publchAVIA/swme/ItalY 19-163539-16/2019IH1N2ISwinel ITAI1C.
publiclAVIA/swine/ltaly/20-69081_12/2020IH1N2ISwinelITAI1C.

19-12-0
5|2018 01-01
3

CVVllab-22-alA/Hunan/42443/2015IH1N1IHumanICHNI1C.2.312015-07-02 *

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

0.03
Figure 9. Swine H1 HA genes of the 1C lineage (tree was proportionally down sampled to 63 swine
HA genes, excluding references): detections of each clade from data deposited between July 1,
2021 - December 31, 2021 are presented adjacent to the clade name.
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Antigenic analysis: Swine 1C Lineage

Table 13. UK & EU Data: Hemagglutination inhibition of CVV vaccine ferret
antisera against contemporary swine 1C lineage strains selected to represent

clade consensus.

A/swine/ltaly/358072/2021

Q
® & |22
— 3 o2
Q < o | ©
= o) X | 1o
9 ~ = |
™ ™ o |2
™ S S IR
— ') o)
o ) I N | <
B 2 5|3
L REER R
g 0 o | <
s |< < | g|8&9
8 (23] |23| £ |28
) <0 0|l 2| <3S
A/Netherlands/3315/2016 CVV 1C.2.1
(Crick) HIN1v [160 |40 J40 [160 |160
1C.2.1
Hlv 1280 320 (320 (320 [1280
A/Netherlands/10370-1b/2020 1C.21
Cvv HIN1lv 640 [1280 (1280 (640 |640
A/Hessen/47/2020-like CVV Hli\lév 50 B20 bseo bseo |so
A/Hunan/42443/2015 CNIC-1601 |1C.2.3
(GAVAY/ H1N1lv 320 |[160 (160 (1280 |2560

40 40
A/Sw/France/56-180424/2018 | 124 ..-
H1N2 320 320 160 |[320 |320
A/Sw/France/72-210055-1/2021 |24
HIN2 |60 [0
A/swine/ltaly/127069/2020 1C25 [0 |ao

> 8 fold reduction

Reference CVV in red, seasonal vaccine strains in gray, hew swine strains in bold, variant in

orange. Homologous titers highlighted in gray.

The contemporary swine A/swine/ltaly/358072/2021 and A/swine/ltaly/127069/2020 represented the
diverse 1C.2.4 - with multiple deletion patterns and 1C.2.5 groups. They showed cross reactivity to
CVV A/Netherlands/3315/2016 — CVV but not to the updated 1C.2.1 CVV A/Netherlands/10370-

1b/2020.

The contemporary swine A/Sw/France/56-180424/2018 represents a second genetic group within
1C.2.4 viruses in the submitted data and this shows good cross reactivity with 1C CVV
A/Netherlands/3315/2016 and with A/Pavia/65/2016* and poor cross reactivity to other 1C CVVs.
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Table 14. Amino acid substitutions between representative swine 1C.2.1 strains compared to the
within-clade CVV (A/Netherlands/3315/2016 CVV); the additional within-clade CVV
(A/Netherlands/10370-1b/2020 CVV) is included.

A/Netherlands/10370-1b/2020 CVV
Annotations

Site
20
31
44
48
51
56
66
71
74
80
83
84
89
96
97
102
120
127
130
132
137
141
142
155
161
162
163
169

™ |A/swine/France/22-210309-2/2021
™ |A/swine/ltaly/175739-1/2021

O

<

Cb

Ca2

Ca2
Sa

>z|I<|d

r®|Z|>»|0|d

Sa
Sa

m
A

A0 TIMX T I00XxmMmmD0 > >Z0 " Z T |MZO|> T|Z|Z|a/Netherlands/3315/2016 CVV




175
199
202
208
215
232
236
253
258
262
266
267
271
272
288
298
311
321 I I I
324 [ I

Reference CVV in red, swine strains in black.

>om —|I<

O |

R

<|[HlO |7 |n|I<|ZIZ|IZ|ZIZ|IK|O07I<|XO|I<|—
wn




Table 15. Amino acid substitutions between a representative swine 1C.2.2 strain compared to the
within-clade CVV (A/Hessen/47/2020 CVV).

Annotations

Site
3
53
66
84
97
118
120
125
161
163
175
185
214
235
253
267
269
302

Reference CVV in red, swine strain in black.

Sa

Sa

mzZ|Z<|040|<|Z|T|Z|>»|T|0|0|M|X|~ |a/Hessen/47/2020 CVV

NO|ITITZ|T M TIX|T 9|00 Z2\Z2|0 |0 ™ Alswine/ltaly/348919/2021



suonelouuy

1202/2.,08SE/Are1/aums)y|

8102/ Z¥08T-9G/90UelH/BUIMS/Y|

T20Z/T-0vT0TZ-GE/20UBIH/3UIMS/Y

T120¢2/2-1600T¢-EG/20UelH/3UIMS/Y

T20Z/T-GS00T¢-¢./23uUelH/3UIMS/Y

1202/Tievz/aubelsig)y

within-clade CVV (A/Bretagne/24241/2021 CVV). Within-clade H1N2v detected within this reporting

Table 16. Amino acid substitutions between representative swine 1C.2.4 strains compared to the
period is presented in orange.

Site

35

Cb
Cb
Sa
G | Sa

N

20
31
36
39
53
54
56
71
74
82
83
86
89
96
104
107
119
120
121
124
125
127
128
129
130
134




Ca2

Caz

Sb

Sa

Sb

Sa

Sa

Sa

Cal

Sb

K

T

D | Ca2

S |S |Sa

G |G |G |Cal

135
137
138
141
142
146
149
152
153
155
156
157
159
161

162
163
166
168
169
172
175
186
190
194
202
203
208
216
218
219
222
224
237
239
242
252

258
259
260
261
262
266
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267
269
270
278
283
288
289
290
298

Reference CVV in red, swine strains in black, variant detection in orange.

—|D|O|W|T|X|>|OX

b
b
Hlr|z|o|r
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Table 17. Amino acid substitutions between a representative swine 1C.2.5 strain compared to the
most similar CVV (A/Hunan/42443/2015 CNIC-1601 1C.2.3).

Annotations

Site
30

44

47

48

56

66

69

82

85

102
111
120
125
127
130
134
135
162
163
166
169
190
208
215
222
227
245
253
267

Sa

Sa
Sa
Cal

Sb

Caz2

BT M <X AXAHXN0>)\<IT\O|Z)|\ > TR0\ TR0\ TR T < A/Hunan/42443/2015 CNIC-1601

—|<{Z|T|Z|T|®(>|B|T|Z|Z|0|0|X|M|O|D|T|D|T|>TMO|> Z|Z| 7 Alswine/ltaly/127069/2020




271 |Q |H
283 |H |N
287 |K |N
288 |G |N
289 [N |S
208 |V |1

310 |T |K

Reference CVV in red, swine strain in black.
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puincIAVIA/swine/Indiana/A026359§2021 IH3N2ISwinelUSAI3.2010.212021-07-06

. .
H3 s Ine Ilneage publiclAVllab-22-alA/swine/Indiana, 2635878/2021\H3N2ISwmeIUSA\3 2010 212021-05-27 #
offlu-vemlA/swine/Ohio/2021105036/20211H3ISwinelUSAI3.2010.212021-12-02
offlu-vemlA/swine/Missouri/2021113052/2021IH3ISwinel USAI3. 2010 2I2021 12-29
publiclAVilab-21-alA/swine/lowa/A02524572/2020/H3N2ISwinel USAI3.2010.212020-08-26
publiclAVIA/swine/Indiana/A02636041/2021IH3N2ISwinelUSAI3.2010.212021- 08 06
publiclAVllab-20-blA/swine/lowa/A02430102/20191H3N2ISwinelUSAI3.2010.2120

* H3v candidate vaccine virus publiciAVilab-19-biA/swine/Okiahoma/A02218157/2017IHIN2| SwinelUSAI3 2010, 215017
B A/Darwin/6/2021 n 4
Previous H3N2 #
seasonal vaccines
publiclAVIA/swine/Zambia/51/2018|H3N2ISwinelZMBIOther-Human-201012018-01-01

offlu-vemlA/swine/ltaly/220316/20211H3N2ISwinelITAIOther-Human-201012021-06-25

# HI teSted viruses offlu-vemlA/swine/Illinois/2021104871/2021IH3ISwinelUSAI3.2010,112021-12-01
i publiclAVIA/swine/lowa/A02635779/2021IH3N2ISwinelUSAI3.2010.712021-04-29
RequeSted/pendlng Hl publiclAVIA/swine/lowa/A02636024/2021IH3N2ISwinelUSAI3.2010.112021-08-04
offlu-vemlA/swine/lllinois/2021101087/2021IH3ISwinelUSAI3.2010.112021-11-17

publiclAVIA/swine/Minnesota/A02248069/2021IH3N2ISwinelUSAI3.2010.112021-04-15
1

A ConsenSUS SequenceS offlu-vemlA/swine/lowa/2021110768/2021IH3ISwinel USAI3.2010.112021-12-2
publchAVIIab 20- bIA/swme/Ohlo/Am354299/2017|H3NiSwine|USA\3.2010.1 12017

CVVIA/Ohio/13/2017IH3N2ISwinelUSAI3.2010.112017

A
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Figure 10. Swine H3 HA genes: detections of each clade from data deposited between July 1, 2021

- December 31, 2021 are presented adjacent to the clade name. Clades within the tree were
proportionally down sampled to 58 swine HA genes (excluding references); tree includes clade

consensus sequences, and human vaccine strains.
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Antigenic analysis: Swine H3
Table 18. USA Data: Hemagglutination inhibition of CVV or human seasonal vaccine ferret antisera
against contemporary swine H3 strains selected to represent clade consensus.

A/Minnesota/11/2010 x 203

IDCDC-RG55C
A/Ohio/28/2016-like CVV
Allowa/60/2018

A/Hong Kong/45/2019

)
S
8
)
<
o
°
O

1990.4.a
H3N2v

A/swine/lowa/A02635890/2021

A/swine/Minnesota/A02245671/2020*

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

1990.4.a
H3N2

E A/Minnesota/11/2010 x 203

1990.4.i
H3N2

2010.1
H3N2v

A/swine/Kansas/A02245675/2020*

A/swine/lIndiana/A02635878/2021

Allowa/60/2018

2010.1
H3N2

2010.2
H3N2

C.2alb2
H3N2

A/Hong Kong/45/2019

C.2alb

H3N2

Reference CVV in red, seasonal vaccine strains in gray, hew swine strains in bold, variant in
orange. Homologous titers highlighted in gray. *Previously tested in report 2021a

The contemporary swine 1990.4.a demonstrated a significant 8-fold decrease from CVV

A/Minnesota/11/2010 x 203.

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

The contemporary swine 2010.1 representative strain had a significant 64-fold decrease to CVV

(IDCDC-RG55C A/Ohio/28/2016-like).

> 8 fold reduction
8 fold reduction

The contemporary swine 2010.2 representative strain does not have a CVV contained within
clade but reacted to A/lowa/60/2018 and an 8-fold decrease to A/lHong Kong/45/2019.
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Table 19. EU Data: Hemagglutination inhibition of CVV or human seasonal

vaccine ferret antisera against contemporary swine H3 strains selected to

represent clade consensus.

)
=
S P
© 2 B2 5
8 o (89| @
G g |28 3
— o O c
3 s |lag| S
o > Q0| O
o < B <
AlVictoria/3/1975 Human seasonal |1280 lao |60
IDCDC-RG55C A/Ohio/28/2016-
like CVV 20101 H3N2v 1165|1280 |160
A/Sydney/5/97 Human seasonal |350 |[s0 560
A/swine/ltaly/308955-3/2021 1970.1 H3N2 640 320 -

> 8 fold reduction

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

» The contemporary swine 3 A/swine/ltaly/308955-3/2021 demonstrated good reactivity with
AlVictoria/3/1975 and poor cross reactivity to the 2010.1 CVV and another antiserum raised to a

human seasonal strain.
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Table 20. Amino acid substitutions between a representative swine 1970.1 strain compared to the
putative ancestral human seasonal H3 strain (H3 ); the most similar human
seasonal vaccine by amino acid similarity ( ) is included.

A/swine/ltaly/308955-3/2021
Annotations

|Zz|m
A

2

Site C

104
106
112
117
121
124
126
137
144
145
146
159
160
163

Site A
Site A
Site A
Site A

<|[ZIOVOOOVIO|IZA|I0|"(7I<|P|IO|X|I<|HA|Z|7 |7 |2/l |Z|0
| dlZzn|Zz|IZ|lun|Zz|Z|/dV|—|dAdMO|—|XAN|IK<|>PIARIZ|TMZ2|0|2
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164
171
173
174
189
196
198
201
202
203
217
242
244
260
261
262
267
269
278
299
307
309
323

Reference vaccine in gray, swine strain in black.

wn

W)

K | Site B

K | Site D

B B e B Rl BV

V | Site D

S |SiteC

<IK|IA|XR|[T|A | (HBIZI<|T |7 IHI<|A>PIK<OMZ|Z2|T

— | TI|IZT|B|O|IXI<|[T|IO|— ||



Table 21. Amino acid substitutions between a representative swine 1990.4.a strain compared to the
within-clade CVV (A/Minnesota/11/2010 x 203) used in the HI assay. A secondary within-clade CVV

(A//Indiana/10/2011), and the within-clade H3N2v (

period are presented.

Site

A/swine/lowa/A02635890/2021

Annotations

79

™ |A/Indiana/10/2011

96

109

119

124

138

156

TIO|T|ARA|IANW

172

207

R

Site D

289

S

323

<|T|X|O|Z|>|v|M T Z TA/Minnesota/11/2010 x 203

—|w|am| Iz n|—

) detected during this reporting

Reference CVV in red, swine strains in black, variant detection in orange.
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Table 22. Amino acid substitutions between a representative swine 1990.4.i strain compared to the

most similar CVV (A/Minnesota/11/2010 x 203 1990.4.a).

Site

Annotations

10

12

45

49

50

57

58

62

80

96

107

117

121

122

Site A

124

131

137

Site A

138

140

142

155

Site B

156

159

163

164

189

AO|IM<IZI<|IO|T > <|I>0VOFZ|74|Z0|X|T|O|T ||V ZV|Z|aA/Minnesota/11/2010 x 203

|r|PITOT|IZIA|0TMOZIM|ZIH400 MO <|X|X 0 X Z| 7 ZX|a/swine/Minnesota/A02245671/2020

Site B
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193

Site B

198

203

260

261

262

269

273

275

Site

276

299

XM O | Z|™|wO|—|—|>»|Z2

2 O |[FC|X"T|-Z|AmMmom

Reference CVV in red, swine strain in black.
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Table 23. Amino acid substitutions between a representative swine 2010.1 strain compared to the
within-clade CVV (A/Ohio/28/2016 IDCDC-RG55C) used in the HI assay. A second within-clade

CVV (A/Ohio/13/2017), and the within-clade detected H3N2v ( ) are presented.
N
O o
RN
LR
T8
21§
O N
0| 2
9 &5
ol 2| o %)
q g | S
O | ¥ | @ =
N T D S
S|l g9 °
= § = c
. Ol »n]| O g
Site |l 2| =
56 H Y |Y
62 E G
85 D E
106 A \Y
138 A |S |S |S
145 K [N [N |N |Site A
159 F Y
188 D |E Site B
193 S A | Site B
198 AT
209 S N | N
212 A T
238 R K
264 K R
280 A |E

Reference CVV in red, swine strains in black, variant detection in orange.



Table 24. Amino acid substitutions between a representative 2010.2 strain compared to the human

seasonal vaccine (

)

Site

Annotations

9

31

58

62

83

106

1O |M|<|0|® |a/swine/Indiana/A02635878/2021

128

131

—

135

137

Site A

138

w|mx|4|>

144

Site A

160

167

171

189

Site B

192

193

Site B

197

203

291

Z| |7 | |nH|IZ2|Z2|7 | R”A|IZ2WV

312

oo |mM|—|XxA|IXA|dln>PndXHAZIXO|"|Z2|0

N

), and a second human seasonal vaccine (

Reference vaccine strain in gray, swine strain in black.
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Summary and Risk Assessment
Global Variant Cases:

During this reporting period (July 1, 2021 — December 31, 2021), 15 variant cases were reported
and included with the swine analyses:
e USA: HIN1lv (3 1A.3.3.2/pdm, 2 1A.3.3.3); HIN2v (3 1B.2.1); H1v (no sequence); H3N2v (1
2010.1;1 1990.4a)
Canada: HLN2v (no sequence)
Denmark: HIN1v (1A.3.3.2)
France: HIN2v (1C.2.4, recommended as a CVV A/Bretagne/24241/2021)
Austria: HIN2v (1C.2.4)

An additional 6 variant cases were reported July 1, 2021 — December 31, 2021, but collected
outside the report window. The following HA sequences were included in the phylogenetic trees:
e Taiwan: HIN2v (1A.1.4, collected 03/12/2021)
e China: HIN1v (4 1C.2.3, collected 01/01/2021, 01/27/2021, 02/21/2021, 03/09/2021)
e Australia: H3N2v (Other-Human-1990, collected 01/27/2021)

Europe Swine:

« 1A 3.3.2 viruses representing contemporary cirucalting and variant strains showed
variable reactivity to CVVs. Good cross reactivity to seasonal vaccine strain
A/Michegan/45/2015 was seen. A/Swine/ltaly/241572/2020 strain was representative
of an European variant case and showed variable moderate to reduced cross
reactivity to seasonal vaccine strains.

+ 1B 1.2.3 viruses representing a significant proportion of viruses currently detected in Europe
showed no cross reactivity to human seasonal virus and CVV.

+ 1C:1C2.4 and 1C2.5 viruses which represent a genetically diverse and significant proportion of
1C lineage viruses detected in Europe showed cross reactivity with CVV strain
A/Netherlands/3315/2016 and variable cross reactivity against other CVV and variant strains.

*+ H31970.1 lineage viruses demonstrated cross reactivity against all human seasonal and CVV
antisera tested.

North America Swine:

» 1A.1.1 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 Al).

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

+ 1A.3.3.3 clade-3 is a substantial proportion of 1A lineage viruses detected in U.S. pigs and a
representative strain demonstrated a 16-fold decrease against the tested 1A.3.3.3-cladel CVV
A/Ohio/24/2015 (Table 1). A variant case within the 1A.3.3.3-clade3, A/Wisconsin/03/2021
H1N1lv was recently recommended for development as a CVV. An additional two variant cases
were reported from 1A.3.3.3-clade3.

» 1B.2.1 cross-reacts with the CVV A/Michigan/383/2018 RG58A (Table 8). This clade contained
three reported HLIN2v during this reporting period.

+ 1B.2.2.1 ranged from 2- to 4-fold reduction from the within clade CVV Allowa/32/2016. 1B.2.2.2
(delta-1b) demonstrated a significant loss in cross-reactivity against the CVV A/lowa/32/2016
(Table 8). Both clades represent a consistent proportion of 1B lineage viruses detected in U.S.
pigs (Figure 8 and Al).
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H3.1990.4.a lineage viruses lineage viruses demonstrated a significant loss of cross-reactivity
against the CVV A/Minnesota/ 11/2010 (Table 18) and represent a substantial proportion of H3
viruses detected in U.S. pigs (Figure 10 and Al).

H3.1990.4i lineage viruses demonstrated significant loss of cross-reactivity against all CVV and
human seasonal vaccine strains (Table 18). These swine viruses are less frequent but
consistently detected (Figure 10 and Al).

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 strains. H3 2010.1 lineage viruses are a substantial
proportion of H3 viruses detected in U.S. pigs (Figure 10 and Al).
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Annex 1. Geographic Distribution of swine HA phylogenetic clades by country

H1 H3
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Strains collected in the last 6 months
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Figure Al. Summary of swine HA clades by country, colored by phylogenetic clade for sequences
collected July 1, 2021 - December 31, 2021 (n=499).
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Figure A2. Summary of swine HA genes colored by phylogenetic clade for sequences deposited
January 1, 2020 - December 31, 2021 and truncated to those collected within the last 24 months
(n=724).
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Table Ala. Summary of swine H1 clades by country collected in the past 6 months and deposited
July 2021 — December 2021.

clade country count
1A.1.1 CAN 9
1A.2 CAN 2
1A.3.3.2 FRA 1
1A.3.3.2 ITA 7
1B.1.2.2 ITA 2
1C.2.2 ITA 6
1C.2.4 ITA 6
1C.2.5 ITA 1
1A.3.3.2 MEX 1
1A.1.1 USA 41
1A.3.3.2 USA 44
1A.3.33 USA 103
1A.4 USA 7
1B.2.1 USA 85
1B.2.2.1 USA 14
1B.2.2.2 USA 17

Table Alb. Summary of swine H1 clades by country collected in the past 24 months and deposited
January 1, 2020 - December 31, 2021.

clade country count
1A.1.1 CAN 12
1A.2 CAN 3
1A.3.3.2 FRA 3
1B.1.2.3 FRA 1
1C.2.1 FRA 1
1C.2.4 FRA 3
1A.3.3.2 GBR 5
1B.1.1 GBR 4
1A.3.3.2 ITA 10
1B.1.2.1 ITA 1
1B.1.2.2 ITA 11
1C.2.1 ITA 5
1C.2.2 ITA 8
1C.2.4 ITA 9
1C.2.5 ITA 3
1A.3.3.2 MEX 1
1A.1.1 USA 46
1A.3.3.2 USA 60
1A.3.33 USA 159
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1A4 USA 8
1B.2.1 USA 113
1B.2.2.1 USA 15
1B.2.2.2 USA 25

Table A2a. Summary of swine H3 clades by country collected in the past 6 months and deposited

July 2021 — December 2021.

clade country count
3.1990.4 CAN 2
3.1990.4.b CAN 3
3.1970.1 ITA 1
3.1990.4 MEX 1
3.1990.1 USA 1
3.1990.4 USA 2
3.1990.4.a USA 77
3.1990.4.b USA 2
3.1990.4.i USA 2
3.2010.1 USA 58
3.2010.2 USA 4

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

January 2020 — December 2021.

clade country count
3.1990.4 CAN 4
3.1990.4.b CAN 5
3.1990.4.c CAN 1
3.1970.1 ITA 3
Other-Human-2010 | ITA 1
3.1990.4 MEX 1
3.1990.1 USA 1
3.1990.4 USA 2
3.1990.4.a USA 105
3.1990.4.b USA 2
3.1990.4.i USA 2
3.2010.1 USA 85
3.2010.2 USA 5
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Annex 2. Phylogenies of swine HA lineages with tree backbone annotated by inferred
amino acid mutations.

I

Figure A3. A phylogeny of the 1A.3.3.3 clade displaying sequences deposited July 1, 2021 -
December 31, 2021 and collected in 2021 (n=159) and 11 reference genes. The clade is rooted
relative to the most recent in-clade CVV (A/Wisconsin/03/2021) and all branches are annotated by
the respective amino acid mutations in the HAL region. The strains are colored in consistence with

Figure 7.
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Figure A4. A phylogeny of the 1A.3.3.2 (pdm) clade displaying n=81 sequences deposited July 1,
2021 - December 31, 2021 and collected in 2021, and n=23 reference genes. The clade is rooted
relative to the most recent human vaccine strain (A/Wisconsin/588/2019) and all branches are
annotated by the respective amino acid mutations in the HAL region. The strains are colored in
consistence with Figure 7.

56



Figure A5. A phylogeny of the 1A.1.1 clade displaying n=59 sequences deposited July 1, 2021 -
December 31, 2021 and collected in 2021, and n=4 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 HAL region. The strains are colored in consistence with Figure 7.
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Figure A6. A phylogeny of the 1B.2.1 clade displaying n=113 sequences deposited July 1, 2021 -
December 31, 2021 and collected in 2021, and n=9 reference genes. The clade is rooted relative to
the most recent in-clade CVV (A/Michigan/383/2018) and all branches are annotated by the

respective amino acid mutations in the HA1 region. The strains are colored in consistence with
Figure 8.
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Figure A7. A phylogeny of the 1B.2.2.2 clade displaying n=26 sequences deposited July 1, 2021 -
December 31, 2021 and collected in 2021, and n=2 reference genes. The clade is rooted relative to
the closest CVV (A/lowa/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.
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Figure A8. A phylogeny of the 3.2010.1 clade displaying n=86 sequences deposited July 1, 2021 -
December 31, 2021 and collected in 2021, and n=7 reference genes. The clade is rooted relative to
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Figure 10.
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Figure A9. A phylogeny of the 3.1990.4.a clade displaying n=105 swine sequences deposited July
1, 2021 - December 31, 2021 and collected in 2021, and n=4 reference genes. The clade is rooted
relative to the most representative in-clade CVV (A/Minnesota/11/2010) and all branches are
annotated by the respective amino acid mutations in the HAL region. The strains are colored in
consistence with Figure 10.
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ANNEX 3. Supplemental Information on Variant Detections

Australia: A/South_Australia/01/2021 H3N2v (Other-Human-1990, collected 01/27/2021)

\ppendix Table 1. Hemagglutinin inhibition assay using ferret antisera against human and swine H3N2 viruses isolated during 1993—2018.

Antisera’
Al
Al Al A AiHong Singapore/
Al Al AS Al Al AS Minnesota/ swine/WA/ Texas/ Kong/ INFIMH-  A/South

Shangdong/ Johannesburg/ Wuhan/ Tasmania/ Sydney/ Moscow/ 11/2010 2577766G 507 4801/ 16— Australiar
Antigen 9/93 33/94 359/95 1/97 597 10/99 (H3N2v) 12012 2012 2014 0019/2016  B5/2018
AfShangdongro/93 1280 160 40 =20 =20 =20 20 320 =20 =20 =40 =40
AlJohannesburg/33/94 160 640 40 <20 20 <20 <20 160 <20 <20 <40 <40
AfWuhan/359/95 40 20 640 a0 40 20 <20 80 <20 <20 <40 <40
AfTasmania/1/97 20 <20 640 >2560 20 40 <20 40 <20 <20 <40 <40
AlSydney/5/97 <20 <20 80 =20 >2560 320 20 40 <20 <20 <40 <40
AfMoscow/10/99 <20 <20 <20 <20 =2560  >2560 <20 40 <20 <20 <40 40
AMinnesotal11/2010 (H3N2v) 20 <20 <20 <20 <20 <20 320 <20 <20 <20 <40 <40
Alswine/WA/25TTT66G/2012 40 20 <20 <20 <20 <20 <20 1280 <20 <20 <40 a0
AlTexas/50/2012 <20 <20 <20 <20 <20 <20 <20 <20 80 40 <40 <40
AfHong Kong/4801/2014 <20 <20 <20 <20 <20 20 <20 <20 80 320 40 a0
AlSingapore/INFIMH-16-0019/2016 =20 <20 <20 <20 <20 =20 <20 <20 =20 80 80 <40
AlSouth Australia/85/2018 40 <20 <20 <20 <20 <20 <20 40 <20 <20 <40 1280

i.  The A/South_Australia/01/2021 H3N2v collected 01/27/2021 retains high

genetic similarity and is within the same phylogenetic clade as a previously detected
variant, A/South_Australia/85/2018 H3N2v

ii.  The A/South_Australia/85/2018 H3N2v was characterized in Deng et al. 2020.
Locally acquired human infection with swine-origin influenza A (H3N2) variant virus,
Australia, 2018. Emerging infectious diseases, 26(1), p.143.

iii. These data demonstrate a lack of cross-reactivity between human seasonal
vaccine strains (H3 vaccines from 1993 to 2016) and the variant strain. (Appendix

table 1: Deng et al. https://www.ncbi.nim.nih.gov/pmc/articles/PMC6924914/)
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ANNEX 4. Late breaking information 1A.1.1 (alpha lineage) variant

H1N2v California —
e Adult > 18 years of age
e Patient worked directly with swine
e Specimen was collected 12/27/2021
e Patient was not hospitalized & has fully recovered
e Unknown antiviral and vaccination status
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