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SCOPE

In this document we present a summary of H1 and H3 swine influenza A viruses from sequences
deposited July 1 to December 31, 2020.
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Genetic and Antigenic Analyses - Brief Methods

Analyses were conducted by subtype and lineage or clade. Reference sequences and new data
(deposited July 1, 2020 — December 31, 2020) 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 Hl 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 virus events in swine
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Figure 1. MicroReact map of swine IAV HA genes colored by phylogenetic clade for new sequences collected
July 1 - December 31, 2020 (n=416); collection date is represented along bottom timeline. Strains submitted
with only partial date were assigned a random date to preserve temporal clusters.
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Figure 2. A) MicroReact map of swine IAV HA genes colored by phylogenetic clade for new sequences
deposited July 1 - December 31, 2020 (n=662); collection date is represented along bottom timeline and data
was truncated to collection dates from 2017-2020 (n=608). Strains submitted with only partial date were
assigned a random date within the provided year to preserve temporal clusters. B) Enlarged image of Asia. C)
Enlarged image of Europe. Geographic nodes scaled to detection proportions.



Contemporary Global H1 swine IAV: genetic diversity
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Figure 2. Global swine H1 phylogenetic tree colored by clade and annotated by global H1 lineage
nomenclature. Analyses were conducted with reference sequences and new data (504 swine H1 deposited
July 1, 2020 — December 31, 2020, 294 of which were also collected in this interval) from Genbank or GISAID
or shared via the OFFLU swine IAV working group.



Contemporary Global H3 swine IAV: genetic diversity

H3 swine genetic clades
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Figure 3. 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 (174 new swine H3
deposited July 1, 2020 — December 31, 2020, 122 of which were also collected in this interval) to Genbank or

GISAID or shared via the OFFLU swine 1AV working group.
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Regional geographic summary

32 genetic clades from H1 and H3 IAV in swine were deposited during the reporting period (July
1, 2020 — December 31, 2020). The H1 subtype contained 20 clades detected from each of the
lineages: 1A classical swine clades (n=6); 1B human-seasonal clades (n=9); and 1C Eurasian avian

clades (n=5). The remaining 12 genetic clades were within 6 distinct lineages that were derived

from human seasonal H3 virus spillovers: these lineages are grouped by the decade of
introduction into swine: 1970 clades (n=1), 1990 clades (n=3), 2000 clades (n=1) and 2010 clades
(n=2). The 1990.4 lineage further diversified and cocirculating genetic clades deposited during this

report period (n=5).

The 1A classical swine lineage viruses were reported globally: 1A.1 in China; 1A.1.1 and
1A.2 in USA and Canada; 1A.1.2 in Thailand; 1A.3.3.3 in USA; and the 1A.3.3.2/pdm
detected in 9 reporting countries.

1B.1 human seasonal lineage was only in Europe: 1B.1.2 in Spain; 1B.1.2.1 in Spain;
1B.1.2.2 in Italy; and 1B.1.2.3 in France. The 1B.2 human seasonal lineage reported from
the Americas with 1B.2.1, 1B.2.2.1, 1B.2.2.2 in the USA and 1B.2.2 in Brazil.

The 1C Eurasian avian lineage was detected in Europe and Asia but the clades were
generally regionally restricted. 1C.2.1 were detected in Spain, France, Italy, Portugal, and
Serbia. 1C.2.2 were detected in Spain and Italy. 1C.2.3 were detected in China.

0 Two new groups of statistically supported were classified as 1C.2.4 in Denmark,
Spain, France, and Italy; and 1C.2.5 in Denmark and Italy.

O The 1C.2.4 clade demonstrated novel amino acid deletions (Figure 7) in the HA1
that demonstrated regional circulation patterns. Many of these H1 were now
paired with an N2 through a recent reassortment event.

The H3 1970.1 clade was restricted to Europe with reports from Spain, Italy, and Serbia.
The H3 1990.1, 2010.1, and 2010.2 clades were restricted to the USA, and the 1990.4
lineage clades were detected in the USA and Canada. An H3 1990.3 clade was reported
from Thailand and 1990.5 from Brazil.

During this reporting period, variant cases were reported in Canada (H1, 1A.1.1), Brazil (H1,
1A.3.3.2), Netherlands (H1, 1C.2.1), and China (H1, no sequence found).



1A classical swine lineage

* H1v candidate vaccine virus

B A/Wwisconsin/588/2019
H1N1pdm seasonal vaccines

Reported H1lv cases
# HI tested viruses
A Consensus sequence

H1 1A swine genetic
clades

@ 14.3.3.2/pdm (n=80)
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offlu_vem|A/Swine /ON/NCFAD-065-14,/2019|H1|Swine|CAN|1A 3.3 2|2019
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offlu-vem|lab-21-a|A/Sw/France /59-200250/2020|H1N2|Swine|FRA|1A.3 3 ZIZDZO 08-05 #
offlu-vem|A/swine Italy/212158-2/2020|H1N2 |Swine|ITA|1A 3.3.2|2020-07-16
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offlu vcmllab 21-a|A/swine/ Quebec N 2020-3-24/2020|H1|Swine|CAN|1A 2|2020
offlu-vem|A/swine /QC-949899_1/2020|H1N1|Swine|CAN|1A 2|2020-10-02
pubIIcIAVIA swine Thailand /CU21304/2018|H1N1|Swine|THA|1A 1.2|2018 04 01
or is_1A 1.2
publlclAVIA /swine /Thailand/CU3802/2017|H1N1|SwineTHA|1A 1.2|2017-06-01

publiclAV|A swine Thailand /CU3732/2017|H1N1|Swine|THA|1A 1. 2|2017-01-01
offlu-vem|A/Swine /MB/NCFAD-048-16/2020|H1|Swine |CAN|1A 1 1|2020
publiclAV|A/swine /South_Dakota/A02524468/2020|H1N2 |Swine |USA|1A 1.1/2020-07-01
offlu_vcm|A/Swine /ON/NCFAD_065-15/2019|H1|Swine|CAN|1A 1 1|2019
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publiclAV|A/swine /Minnesota/A02245727,/2020|H1N2|Swine|USA|1A 1.1|2020-09-22
publiclAV|A/ swine  lllinois | A02524780/2020|H1N2 |Swine |USA|1A 1.1|2020-10-21
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offlu-vem|A/Swine /MB/NCFAD-048-8/2020|H1|Swine |CAN|1A 1 1|2020
offlu-vem|A Swine /MB/NCFAD-267-24,2017|H1|Swine|CAN|1A 1.1]2017
publiclAV|A/swine/Indiana/A02524831/ 2020|H1N2|Swnne|USA|1AJ. 1/2020-10-28
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offlu-vem|A; Swine /ON/NCFAD_041-7/2019|H1|Swine|CAN|1A 1.1|20
offlu vem|A;SwineON/NCFAD 020_7/2016|H1|Swine|CAN|1 1|2016
CWIA.Ohi0;24‘201?|H1N2IHuman|USA|1A 1.1]2017-07 25*
publiclAV|A/swine/North_Carolina/A02524582/2020| 2 |Swine|USA|1A 1.1/2020-09-01
publiclAV|A/swine /lowa/A02524634 /2020|HLN2 |Swine|USA|1A 1.1|2020-09-14
offlu_vem|lab. 21-alA/swine 'AlbertaJSDOSZ9.‘2020|H1N2|Swine|CAN\lA 1.1]2020-03-09

_:,,1-,,-”.\_'.\.;1 1/2020|H1N2 |Human|CAN|1A 1.1|2020-10-01

publiclAV|A/swine /Hubei/HG394 /2018|H1N1|Swine|CHN|1A 1|2018 02 18

svnth!l:il:lAVA /swine /Gunma;34_-6730/2019|H1N2|Swine|JAP|1A 1|2019-05-13
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Figure 4. Swine H1 HA genes of the 1A lineage (tree was proportionally down sampled to 74 swine HA genes
from 253). Detections of each clade from data deposited between July 1 to December 31, 2020 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 |alpha-del HIN2v

A/swine/lllinois/A02524514/2020 1A.1.1 |alpha-del HIN2v

A/swine/Alberta/SD0529/2020* 1A.1.1 alpha HIN2

A/Swine/QC/NCFAD-06-6/2020 alpha-del HIN2

A/swine/Quebec/N-2020-3-24/2020 1A.2 beta H1

A/Ohio/9/2015 CVV 1A.3.3.3 |gamma.1 HIN1v

A/swine/Minnesota/A02245409/2020 gamma.3 HIN1

A/Wisconsin/588/2019

H1N1pdmO09

A/swine/lowa/A02524480/2020 1A.3.3.2| HIN1pdmO09

Reference CVV in red, seasonal vaccine strains in gray, new swine strains in bold. Homologous titers
highlighted in gray. *A/swine/Alberta/SD0529/2020 has 94% identity to variant strain A/Alberta/01/2020
H1N2v.

e The contemporary swine 1A.1.1 alpha and alpha-deletion strains demonstrated a significant >8-fold
decrease from CVV A/Ohio/24/2017.

e The swine 1A.2 (beta) does not have a within clade CVV and demonstrated a significant >8-fold
decrease from all vaccine strain anti-sera.

e The contemporary swine 1A.3.3.3 (gamma) clade 3 demonstrated a significant >8-fold decrease from
the 1A.3.3.3 clade 1 CVV A/Ohio/24/2015.

e The contemporary swine 1A.3.3.2 (pdm) with onward transmission in swine demonstrated a significant
>8-fold decrease from the A/Wisconsin/588/2019 vaccine strain.



Table 2. EU Data: Hemagglutination inhibition of CVV or human seasonal vaccine ferret antisera against

contemporary swine 1A lineage strains.
e >8 fold reduction

A/California/7/2009
A/Brisbane/02/2018
A/Michigan/45/2015

Global Clade

[EY
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o

A/California/4/2009 1A3.3.2

A/Brisbane/02/2018 1A 3.3.2

A/Michigan/45/2015

A/swine/Italy/241572/2020 1A.3.3.2_ITAclade

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

e The contemporary swine 1A.3.3.2 (pdm) with onward transmission in swine demonstrated no cross-
reactivity to three previous human seasonal vaccine strains including A/California/04/2009. See
variant section for further assessment of 1A .3.3.2 viruses in European pigs
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Table 3. Amino acid substitutions between recent swine 1A.1.1 strains compared to the within-clade 1A.1.1
CVV A/Ohio/24/2017. 1A.1.1 variant case A/Alberta/01/2020 detected during this reporting period is
presented in orange.
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170

Ca2

185

186

189

Sb, RBS

193

Sb, RBS

196

198

209

211

m|=x |< |O

m|Xx |[< |O|x | |O|m |6

216

219

RBS

222

RBS

224

RBS

234

235

239

252

261

262

m < [ | R | R

267

< | |vw xR |AMm i< (A0 |R[A|mR|mMm[v(z|0|0|(2 | |=

272

278

307

310

311

= |4 |< |+

321

T

T

aadiff

13

16

36

11

39

*Within-clade CVV in red, within-clade variant in orange, swine strains in black.

12



Table 4. Amino acid substitutions between recent swine 1A.2 strains compared to the current human seasonal

vaccine 1A.3.3.2 A/Wisconsin/588/2019. A direct comparison to the human seasonal vaccine with the highest

amino acid similarity A/California/07/2009 is included.

Relative to most similar vaccine

Relative to HI

suollejouuy|

Cb

Sa

Cal

Ca2

VT Snsuasuo)

020Z/1-6686¥6-00/3uIms /Yy

0202/L0LStZZov/ewoyepo/auims/y|

0202/¥2-€-0202-N/23ganD/auims/y

H
L

A

N
T

S
Y

N

N
K

600¢/L0/eEluI041|ED /Y

site

14
24
35
43

61

71

73
74
84
85

86
94
96
97
104 | Q

109 | S

120 | T

121 | S

128 | S

129 | N

137 | P

138 | H

142 | K

146 | K

162 | S
166

168 | D

170 | G

suolejouuy|

Cb

Sb

6002/L0/eluloyied /Y|

Z'VT sSnsuasuo)

0202/1-6686¥6-2D/2uIms [y

0202/L0LStZZov/ewoyepjo/auims/y

0202/v2-€-0202-N/23ganp/auims/y

H
L

A
N

T

N
K

Y

N

6T02/88S/UISUOISIM /Y

P

site

14
24
35
43

61

71

73

74
83

84

85

86
94
96
97
104 | Q

109 | S

120 | T

121 | S

128 | S

129 | D

130 | N
137

138 | H
142

146 | K

156 | K
161
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Table 5. Amino acid substitutions between recent swine 1A.3.3.2 strains compared to the human seasonal H1
vaccine strain A/Wisconsin/588/2019. Recent human seasonal vaccines are also presented for context.
1A.3.3.2 variant case A/Parana/28600/2020 detected during this reporting period, and within-clade variant
A/Michigan/288/2019 are presented in orange. Three additional swine strains are included that reflect
regional diversity of the 1A.3.3.2 clade: A/swine/Serbia/2/2017, A/swine/France/59-200250/2020, and
A/swine/Brazil/099 14-3/2014.

site

A/swine/lowa/A02524480/2020

A/swine/Italy/241572/2020

Consensus_1A.3.3.2

IA/swine/Serbia/2/2017

IA/Sw/France/59-200250/2020

IA/swine/Brazil/099 14-3/2014

IA/Idaho/07/2018

IA/Brisbane/02/2018

IA/Michigan/45/2015

IA/California/04/2010

IA/California/07/2009

Annotations

19

43

jo)

=

45

48

54

69

Cb

70

Cb

73

Cb

74

77

82

83

84

85

96

97

104

113

119

120

121

125

Sa

127

128

129

130

134

RBS

135

RBS

137

138

TP 2020222 =2RIZIT 2222171 1P 1T |< | |a/wisconsin/588/2019
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139

142

143

152

155 Sa

ZI< ||

156 Sb

161

162
163

Sa
Sa

wilix|luv|r|=z
wilx|luv|r|=z

Sa
Cal

wi ilx|lunv|r|=z

164
166

<|lv|l—|v|lr|z|m|—
)
< | | X |» | |2

173

176

<

183

185
186

187
190

RBS
Sb, RBS

(7]
—“|n|-|=z

RBS

O|ls|»|O |z
(%)

194

195 T E Sb, RBS

196

2

202

(7]

203

205
210

211

216

222 N N N RBS

223 R R RBS

250

256
259

260
261

270

272

2|7 | (H|Z2|mR (>
—

274
276
282
283
295
298
308
311
321 | T |
aadiff 10 | 47 7| 25| 29| 26 | 27 | 10 7| 11| 12 | 18 | 21
*Reference human seasonal vaccines in gray, within-clade variants in orange, swine strains in black.
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Table 5a. Amino acid substitutions between recent swine 1A.3.3.2 strains compared to the human seasonal
H1 vaccine strain with the highest amino acid similarity — A/California/04/2010 or A/Idaho/07/2018.
A/Wisconsin/588/2019. The 1A.3.3.2 variant case A/Parana/28600/2020 detected during this reporting
period, and within-clade variant A/Michigan/288/2019 are presented in orange. Three swine strains are
included that reflect regional diversity of the 1A.3.3.2 clade: A/swine/Serbia/2/2017, A/swine/France/59-
200250/2020, and A/swine/Brazil/099 14-3/2014.

Relative to most similar vaccine Relative to most similar vaccine

A/swine/Italy/241572/2020
IA/swine/Serbia/2/2017
A/Sw/France/59-200250/2020
A/swine/Brazil/099_14-3/2014
A/swine/lowa/A02524480/2020

IA/Michigan/45/2015
IA/California/07/2009

Consensus_1A.3.3.2

Annotations

site

K 73
113
120
137
R 142
P Cb 173
| Cb aadiff 3 0 3
Cb

site

o |[Annotations

wn
(@]

~

19
43
48
54
69
70
73
74
77
82
83
84
85
96
97
104
119
120
121
125
127
128
129
130
134
135
138
139
142
143

j@)
)

<17~1™ |7 |” |® |a/idaho/07/2018

S RBS
S S RBS

21 IEEIZITEPEITITEREEITIC07 1P 121712 1T < | Ia/california/oa/2010
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155

161
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163

166 \Y Cal

176
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185

186

n umn|zZz|o
wildlz|o

187 RBS

—“|lvn|4|z]|o

190 Sb, RBS

OV |0 |27 |<|<|T

194 RBS

195 T E Sb, RBS

196

2

202

wn

203

205

210

211

216

222 N N N RBS

223 R RBS

250

256

259

261

270

272

Z|—|>» 1R

274

276

283

295

308

311

<|[mR|[R|[T|m"|Z2|0|<|dA|P|m|PI<QO|T|"|M|m|d||O|>|Z2|v|0O|(> | v v |~ |XR|u0VICOIK

321 | T |

aadiff 38| 11| 20| 15| 19 9 3

*Reference human seasonal vaccine in gray, within-clade variants in orange, swine strains in black.



Table 6. Amino acid substitutions between recent swine 1A.3.3.3 strains compared to the within-clade

1A.3.3.3 CVV A/Ohio/09/2015.
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aadiff 30 | 27

*Within-clade CVV in red, swine strains in black.
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H = publiclAV]A/swine /Minnesota/AD2524567/2020|H1N2 |Swine|USA|1B.2.1|2020-08-26
1B human-llke |Ineage publiclAV|A swine /Minnesota /A02524813/2020|HLN2 [Swine|USA|1B.2.1]2020-10-27
publiclAV|A/ swine Minnesota /A02245749/2020|H1N2 [Swine|USA|1B.2 1|2020-10-15
publiclAV|A/swine /Minnesota/A02245679/2020|H1N2 |Swine |USA|1B. 2 1|12020-07-02
publiclAV|A, swine,lowa/A025 24659/ 2020|H1N2|Swine|USA|1B.2.1/2020-09-24

pubIICIAVIA,swine lowa /ADZ524431/2020/H1NZiSwine|USA| L8 2 1]2020.06 12
* . : : publiclAV|A, swine  lowa A02524481,2020|H1N2 |Swine|USA|1B.2. 1/2020 07 08
H1v candidate vaccine virus pubIiCIAVIA  swine  lowa /AD2524493/2020|H1NZ |Swine|USA|1B.2 1|2020-07-10

B ABish 159/2007 publiclAV|A; swine, Minnesota /A02245 755/ 2020(H1N2 [Swine|USA| 18 2 1]2020.1022

publiclAV|A, swine Minnesota/A02 52445 72020 [H1N2 [Swine [USA|1B 2. 1[2020_06.19
P rnsbane. | HIN1 ) pug:iclAVl\A:swin!.-Imvaem2524?92;2020|H1N2}Swinel\USAIIB2 1/2020.10.21
revi n vaccin publiclAVIA swine /lowa/AD2 5245 74 2020 |H1N2 [Swine|USA|1B. 2. 1|2020_08_26
evious seasona accine puglliclAvllA:swine.'lwa:AOE5246lZ.‘ZGZOI‘HINZIISwiMIIUSAIIIB‘Z.lII2020_09_09
publiclAV|A/swine /lowa/A02524656 /2020 |H N2 [Swine|USA[18 2 1/2020_09_23
Reported H1v cases publiclAVIA/ swine, lowa AD25246772020(H1N2 [Swine|USA|1B.2.1/2020 09 29

# HI tested viruses publiclAV|A, swine /Minnesota AD2245741/2020/H1N2 Swine|USA|1B.2. 1|12020_10-09

publiclAV|A/swine /Wisconsin/A02524765/2020|HLN2 |Swine|USA|18.2.1|2020-10-21
publiclaV|A/ wxulm\ra-ADZSZ‘lﬁSB /2020|H1N2|Swine|USA|1B.2.1/2020-09-30
A Consensus sequence Consensus_ 18 2

C\NIA Michigan/383/ 2013|H1N2|Human\U5AIIB 2 1\2018 07-31
variant|A/Michigan/382/2018|H1N2|Human|USA|1B.2.1|2018-07-28

publlclAVIA swine Indlana A02524433/2020|H1N2|Swine|USA|1B. 2 1|2020-06-15
publiclAV|A, swine /Ohio/A02524643/2020|H1N2|Swine|USA|1B.2 1|2020-09-18
publiclAV|A/swine/Indiana/A02524527/2020|H1NZ|Swine|USA|1B.2.1|2020-08-06
publiclAV|A/ swine /lowa /A02524647/2020|H1N2 |Swine|USA|1B.2.1|2020-09-21
E publiclAV|Aswine /lowa /A02524526/2020|H1N2|Swine|USA|1B 2. 1|2020-08-04

H1 1B swine genetic
clades
@ 1B.2.1 (n=69)
Other-Human-1B.2 (n=4)
@ 18221 (n=21)
@ 18222 (n=11)
@ 1B2.2 (n=4)
©® 81220013
() 1B.1.2.3(n=2)
@ B5121(n=1
@ 1B.12 (n=2)

publiclAV|A/swine /Missouri/A02524781/2020|H1N2 |Swine|USA|1B.2.1/2020-10-21
publiclAV|A/swine lowa /A02524774,2020|H1N2 |Swine |USA|1B.2.1|2020-10-22
publiclAV|A| swine /lllinois /A02524473/2020|HLN2 |Swine|USA|1B.2.1|2020 06 26
publiclAV|A/swine /Missouri/A02524570,/2020|H1N2 [Swine|USA|1B.2.1|2020-08-25
publiclAV|lab-2 1_a|A/swine /lllinois/A02139356/2018|H1N2|Swine|USA|1B.2.1|2018-01-03 #
publiclAV|A/swine /Indiana/A02524766/2020|H1N2|Swine|USA|1B 2 1|2020-10-19
publiclAV|A/swine/North_Carolina/A02245693 /2020|H1N2 |Swine|USA|1B.2.1|2020-08-19
pubIKIAVIA#swlne.‘Sotrth,CaroIina:AOZZdSSBBrZOZOIHlNZISMMIUSA\IB.Z.l|2020,08,l4
publiclAV|A/ swine /North_Carolina/A02524664 /2020|H1N2 |Swine|USA|18.2.1|2020-09-22
publiclAV|A/swine /North_Carolina/A02524577/2020|H1N2 |Swine|USA|1B.2 1|12020-08-27
publiclAV|A/swine /Indiana/A02524670/2020|H1N2|Swine |USA|1B.2 1|2020.09.-25
publiclAV|Aswine /North_Carolina;A02245737/2020|H1N2|Swine|USA|1B.2.1|2020-10-07
publiclAV|A/swine /Indiana/A02524681/2020|H1N2 |Swine|UA|1B.2.1|2020-09-28
CVV|A/Ohio/35/2017|H1IN2|Human|USA|1B.2.1|12017 08_17
— publiclAV|A/swine  lowa /A02524466/2020|HLN2|Swine|USAf1B 2 1|2020-06-29
publiclAV|A/swine /Brazil/217_15/2015|H1N1|Swine|BRA|Other Human 1B.2|2015 08 01
syntheticlAV|A/swine /Brazil/274-18/2018|H1NZ|Swine|BRA|Other-Human-1B.2|2018
publiclAV|A/ swine /Brazil/ 259_11-8/2011|H1N1|Swine |BRA|Other_Human_1B 2|2011 08-01
variant|A/Parana 5/2020|HIN2|Human RR A|Other-Human-1B.2|2020-04-14
huVaccine|A/Brisbane /59 H1N1|Human|AUS|Other-Human LB,_ 2007 .
huVaccine|A/Solomon_Islands/3/2006|H1N1|Human|SLB|Other-Human-18.2|200
publlclAVIA swine/Indiana/A02524705/ ZOZOIHINZISWIMIUSAHBZ 2,1/2020-10-05
publiclAV|A/swine /lowa/AD2524620/2020|H1N2 |Swine|USA|1B.2.2.1|2020-09-10
publiclAVIA.‘swine.‘IlIinois#AOZ524528.'2020|H1N2|Swi*l18‘2.2 1/2020-08-07
CVV|A/lowa/32/2016|H1IN2|Human|USA|1B.2.2 1|2016-11-04
publiclAV|A/swine lowa/A02524673/2020|H1N2 |Swine |1B.2.2.1|2020-09-29
publiclAV|A/ Xe /Minnesota/A02245710/2020|H1N2|Swine|USA|1B.2.2.1|2020-09-04

Consensus_1B8.2.2.1
/swine/lowa/A02524587)2020|H1N2|Swine|USA|1B.2.2.1|2020-09-03

publiclA

publicI.AVIA swine /Oklahoma/A02524663)2020|H1N2|Swine|USA|1B.2 2 1|2020-09-24

publchAVIA swine /lowa A02524?90 2020|H1NZ|Swine|USA|1B.2.2.1/2020-10-21

variantjA/Colorado;16/2017|H1N2 |[Human|USA|1B.2.2.1/2017-10-19

publlclAVlA swine /lowa /A02524469 2020IH1N2|Smne|USAIIB 2.2.1|12020-07-01

publiclAV|lab-21-a|A/swine /lowa/A02478968/2020|H1N2 |Swine|USA|1B.2.2,1|2020-01-02
publiclAV|A/swine /Colorado/A02245733/2020|H1N2 |Swine |USA|1B.2.2.1|2020-10-06

_C publiclAV|A swine /Kansas/A02245729/2020|H1N2|Swine|USA|1B.2.2.1|2020-10-01

publiclAV|A/swine lllinois /A02524837,2020|H1N2 |Swine|USA|1B 2.2 2|2020-11.02

publiclAV|Aswine /Oklahoma /A02524564 /2020|H1N2 |Swine|USA|1B.2 .2 2|2020-08-25
puhlil:U»\VIA swlne- Oklahoma /A02245735/2020|H1N2|Swine|USA|1B.2.2.2|2020-10-07
onsensus
publl:lAVIA ne jowa A02524640,2020|H1N2|Swine|USA|1B.2 2 2|2020-09-17
publiclAV]lab-21-a|A/swine/lowa/A02524534/2020|H1N2|Swine|USA|1B.2.2 2\2020 08-12 #
publiclAV|A/ /swine Kansas/A02245713,2020|H1N2|Swine|USA|1B 2 2 2|12020-0

publiclAV|A/swine South_Dakota/A01678633/2020|H1N2 |Swine|USA|1B.2.2 2|2020 10 15

huReference |A/Michigan/2 /2003 |HIN2Z|t |USA|1B.2.2|2003

publiclAVIA.‘swinevBraz 83_13-4/2013|H1N2|Swine|BRA|1B.2.2|2013-12-01

publiclAV|A swine /Brazil;213_14_8,2014|H1N2|Swine [BRA|1B 2 2|2014_-11_01

syntheticlAV|A, swine Brazil 091-18-14/ 2015|H1N2|Swine|BRA|lBZ 212018

variant/A/Parana /720/2015|H1N2|Human|BRA|1B.2.2|2015-1
publltlAVIA swine /Brazil/ 223 15-1/ 2015|H lNZISmneIBRA\lBZ 2|2015 10-01
b huVaccine|A/New_Caledonia/20/1999|HIN1|H n|FRA|Other_Humr
synmenclAVIA,swine RancaguafVN1401 2594;’2017|H1N2ISwIneICHLIOIher Human_1B.2|2017_-08-18
huVaccine|A ﬁuu.u:un 6/1986|H1IN1|Human|SGP|Other-Human_-1B.2|198
huVaccine|A/Brazil/11/1978|H1N1|human|BRA|Other-Human-18|1 “/‘.\
huVaccine|A/Chile/1/1983|HIN1|Human|CHL|Other-Human-1B|1983

offlu_vemA/ swine, ltaly; 308263 /2020|HIN2 |Swine|ITA|1B. 1.2 2|2020_10_03
offlu_vemlA, swine, ltaly; 338367 /2020|HIN2 [Swine|ITA|1B, 1.2 2202010 23
offlu_vem|lab-21-alA/ swine, ftaly 185280, 2020|H1N2 [Swine|ITAI1B.1.2.2(2020 0625 Jf
offlu_vem|A/ swine Italy/ 294638 /2020 |H1N2 |Swine|ITA|1B. 1.2.2|202009-29
offlu_vem|A; swine, taly/ 365702 /2020|H1N2 |Swine|ITA|1B.1 2 2|2020_11.10
offlu-vem|A, swine/laly 365672/ 2020|HINZ [Swine ITAI18 1.2 212020-11-10
Consensus_1B.1
offiu vemiA, swirdMaly/ 145488/2020/HIN2 swinel[TAILB 1 2.2/2020_0526
offluvem|A/swine Italy/ 319759, 2020|H1N2 [Swine|ITA|1B.1 2 2202010 12
offlu_vem|A/swine/ltaly/ 217458 1/2020|H1N2 |Swine|ITA|18.1,2.2|202007-22
offlu_vem|A swine  Italy; 300976, 2020 |H1NZ [Swine|ITA|18.1 2 2]2020_09_23
offlu_vem| A swine /ltaly 2594462020 H1N2 |Swine|ITA|18.1 2 2|2020_08 26
_rL offlu_vem|A, swine ltaly; 35 1300/ 2020|H1N2 |Swine|ITA| 1. 1.2.2|12020 1028
publiclAV|A/ swine Italy) 284922 /2009 |H1N2 [Swine|ITA|1B.1.2.2/2009 11 01
offlu-vemilab-2 1-a|A/ Sw/France / 29200240/ 2020|H1N2 [Swine|FRA|1B.1 2.3]2020-07-21
1 publiclAV|A/swine France /22-160091/2016|H1N2|Swine|FRA|18.1 2 3]2016-02_10
publiclAVIA/ swine,Spain/ 150,/ 2018|H1NZ |Swine|ESP|1E.1.2. 11201811 12
publiclAV|A/swine /Spain/ 153 /2018[H1N2 [Swine|ESP|1B.1.2. 12018 11 12
publiclAV|A, swine Spain/BM55 /20 19|H1NZ [Swine|ESP|18.1.2 1]2019_03_22
publiclAV|A swine /Spain/ 1372 /2015 |H1N2 Swine|ESP|18.1.2.112015-12-07
publiclAV|A/ swine,Spain/ 1297, 2016|H1N2 [Swine [ESP|1B, 1.2|2016_04_19
publiclAV|A/ swine,Spain, 2698, 2016 H1N2 [Swine |ESP|1B. 1.2|2016 05 09

0.02

Figure 5. Swine H1 HA genes of the 1B lineage (tree was proportionally down sampled to 85 swine HA genes

from 130). Detections of each clade deposited between July 1 to December 31, 2020 are presented adjacent
to the clade name.

21



Antigenic analysis: Swine 1B Lineage

Table 7. USA Data: Hemagglutination inhibition of CVV vaccine ferret antisera against contemporary swine 1B
lineage strains selected to represent clade consensus.
e >8fold reduction
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A/lowa/32/2016 1B.2.2.1 [ Delta 1a HIN2v| 320 10
A/swine/lowa/A02478968/2020 | 1B.2.2.1 | Delta 1a HIN2 160 20
A/swine/lowa/A02524534/2020 | 1B.2.2.2 | Delta 1b HIN2 40

A/Michigan/383/2018 RG58A 1B.2.1 | Delta 2 HIN2v 160

A/swine/lllinois/A02139356/2018 | 1B.2.1 | Delta 2 HIN2

Reference CVV in red, new swine strains in bold. Homologous titers highlighted grey.

e The contemporary swine 1B.2.2.1 (delta-1a) demonstrated cross-reactivity to CVV A/lowa/32/2016.
e The contemporary swine 1B.2.2.2 (delta-1b) does a within clade CVV and demonstrated a significant 8-

fold decrease from CVV A/lowa/32/2016.
e The contemporary swine 1B.2.1 (delta-2) remained cross-reactive to CVV A/Michigan/383/2018.
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Table 8. 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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Table 9. Amino acid substitutions between recent swine 1B.2.2.1 compared to the within-clade 1B.2.2.1 CVV

A/lowa/32/2016.
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*Within-clade CVV in red, swine strains in black.
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Table 10. Amino acid substitutions between recent swine 1B.2.2.2 compared to the CVV with the highest
amino acid similarity, 1B.2.2.1 A/lowa/32/2016. A direct comparison to the human seasonal H1 vaccine with
the highest amino acid similarity A/New_Caledonia/20/1999 is included.
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*Reference human seasonal vaccines in gray, within-lineage CVV in red, swine strains in black.
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Table 11. Amino acid substitutions between recent swine 1B.2.1 strains compared to the within-clade 1B.2.1
CVV A/Michigan/383/2018.
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Table 12. Amino acid substitutions between recent swine 1B.1.2 strains compared to the human seasonal H1
vaccine with the highest amino acid similarity, A/Chile/1/1983. An additional human seasonal H1 vaccine
A/Brazil/11/1978 is included. This swine clade has fewer than five detections; a consensus sequence
comparison was not conducted.
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Table 13. Amino acid substitutions between recent swine 1B.1.2.1 strains compared to the human seasonal
H1 vaccine with the highest amino acid similarity, A/Chile/1/1983. An additional human seasonal H1 vaccine

A/Brazil/11/1978 is included.
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*Reference human seasonal vaccines in gray, swine strains in black.
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Table 14. Amino acid substitutions between recent swine 1B.1.2.2 strains compared to the human seasonal
H1 vaccine with the highest amino acid similarity, A/Chile/1/1983. An additional human seasonal H1 vaccine

A/Brazil/11/1978 is included.
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33



Table 15. Amino acid substitutions between recent swine 1B.1.2.3 strains compared to the human seasonal
H1 vaccine with the highest amino acid similarity, A/Chile/1/1983. An additional human seasonal H1 vaccine
A/Brazil/11/1978 is included. This swine clade has fewer than five detections; a consensus sequence
comparison was not conducted.

site

A/Brazil/11/1978

Annotations

14

™ |A/Sw/France/29-200240/2020

36

(7]

43

=~ 1% | |a/chile/1/1983

=

47

48

84

85

o v |4 |4

89

96

106

111

~ e |»v

121

127

128

129

130

135

RBS

142

143

2 |=™ [»

161

168

179

189

Sb, RBS

190

Sb, RBS

196

203

> 4 |> (=™

205

207

(%]

216

220

< | R|lz|xT|v |z |d xR |I<|Zz|r|(v|v > xR HI<|Z2|v |7 |v > (H|Vv |z (>

RBS

34



222

RBS

235

237

Cal

262

X |R |6 |O

267

277

>[4 |0 6o m |z

T

T

aadiff

31

9

*Reference human seasonal vaccines in gray, swine strains in black.
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Figure 6. Swine H1 HA genes of the 1C lineage (tree was down sampled to 86 swine HA genes from 115).
Detections of each clade from data deposited between July 1 to December 31, 2020 are presented adjacent
to the clade name.
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Figure 7. Deletion patterns identified in 1C.2.4 strains. This tree was subsampled from available 1C.2.4 strains,
however deletion patterns in the full tree are consistent with those of the subsampled tree. Signal peptides
were trimmed with the indices of [Burke 2014]. The alignment was made with MAFFT and visualized in
Geneious. Group (a) has 3 deletions at 120, 128, and 129; Group (b) has 2 deletions at 120 and 129; Group (c)
has deletions at 129 and 155 (except for A/swine/Germany/R1696/2014, with only a deletion at 155); Group
(d) has a single 129 deletion; and Group (e) has no deletions. Many of the 1C.2.4 strains with mutations were
observed to contain N2, a subtype switch from the previous predominance of Eurasian avian-lineage N1. The
CVV A/Hunan/42443/2015 and A/Hessen/47/2020 were included for reference.
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Antigenic analysis: Swine 1C Lineage

Table 16. 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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Reference CVV in red, seasonal vaccine strains in gray, new swine strains in bold, variant strains in orange.
Homologous titers highlighted in gray. ND=not done.

¢ The contemporary swine clades 1C.2.1, and 1C.2 demonstrate good cross-reactivity to CVV
A/Netherlands/3115/2016, variable cross reactivity to CVV A/Hunan/42443/2015 CNIC-1601 and poor
cross-reactivity to A/PAVIA/65/2016.

e The contemporary swine clade 1C.2.5 demonstrated cross-reactivity to CVV A/Netherlands/3115/2016
and poor cross reactivity to other strains.
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Table 17. Amino acid substitutions between recent swine 1C.2.1 strains compared to the within-clade 1C.2.1
CVV A/Netherlands/3315/2016. A 1C.2.1 variant case A/Netherlands/10370-1/2020 detected during this
reporting period is presented in orange, along with a prior 1C.2.1 variant A/Pavia/65/2016. Additional 1C
lineage CVV strains 1C.2.1 A/Netherlands/3315/2016 and 1C.2.2 A/Hessen/47/2020 are included. A direct

comparison to the CVV with the highest amino acid similarity 1C.2.3 A/Hunan/42443/2015 is included.
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Table 18. Amino acid substitutions between recent swine 1C.2.2 strains compared to within-clade 1C.2.2 CVV
A/Hessen/47/2020. Additional 1C lineage CVV strains 1C.2.1 A/Netherlands/3315/2016 and 1C.2.2
A/Hessen/47/2020 are included, along with the within-clade 1C.2.2 variant A/Netherlands/Gent_193/2019
and 1C.2.1 variant A/Pavia/65/2016.
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Table 19. Amino acid substitutions between recent swine 1C.2.4 strains compared to the CVV with the highest
amino acid similarity, 1C.2.3 A/Hunan/42443/2015 CVV. Novel deletions observed in the swine 1C.2.4 strains
are indicated by “-“ and visualized in Figure 7. Additional 1C lineage CVV strains 1C.2.1
A/Netherlands/3315/2016 and 1C.2.2 A/Hessen/47/2020, and 1C.2.1 variant A/Pavia/65/2016 are included
for reference.
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Table 20. Amino acid substitutions between recent swine 1C.2.5 strains compared to the CVV with the highest
similarity,
A/Netherlands/3315/2016 and 1C.2.2 A/Hessen/47/2020, and 1C.2.1 variant A/Pavia/65/2016 are included
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for reference.
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Figure 8. Swine H3 HA genes (tree was down sampled to 83 swine HA genes from 202). Detections of each
clade deposited between July 1 to December 31, 2020 are presented adjacent to the clade name.
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Antigenic analysis: Swine H3

Table 21. USA Data: Hemagglutination inhibition of CVV or human seasonal vaccine ferret antisera against
contemporary swine H3 strains selected to represent clade consensus.

» >8 fold reduction

e 8 fold reduction
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3.1990.4.b

A/swine/Quebec/N2020-6-4/2020

3.1990.4.c-k-
like

A/swine/Minnesota/A02245671/2020

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

3.1990.4.i

2010.1
H3N2v

A/Indiana/27/2018*

2010.1
H3N2v

A/swine/Kansas/A02245675/2020

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

3.2010.1

HuVacc
H3N2

A/lowa/60/2018 3C.2alb+T131K

HuVacc
H3N2

A/Hong Kong/45/2019 3C.2alb/137F

HuVacc
H3N2

A/swine/lowa/A02524572/2020

3.2010.2

CVVin red, seasonal vaccine strains in gray; Homologous titer is highlighted in gray. New swine
strains in bold; variant in orange. *A/Indiana/27/2018 is a surrogate for CVV A/Ohio/13/2017

2010.1 H3N2v.
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The contemporary swine 1990.1 does not have a CVV contained within clade and demonstrated a
significant >8-fold decrease from CVV A/Minnesota/11/2010 x 203 as well as a 4-fold decrease from
the 1990.1 A/Hawaii/28/2020 H3N2v.

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.b, 1990.4.c-k-like, and 1990.4.i do not have within clade CVV and
demonstrated significant >8-fold decreases from 1990.4a CVV A/Minnesota/11/2010 x 203.

The contemporary swine 2010.1 representative strain had significant >8-fold decrease to CVV
IDCDC-RG55C A/Ohio/28/2016-like. Reagents for the additional 2010.1 CVV A/Ohio/13/2017 were
not available, so A/Indiana/27/2018 was used as a surrogate, and an 8-fold decrease was observed.
Cross-reactivity was observed for HuVacc strains A/Kansas/14/2017 with a 4-fold decrease and
A/lowa/60/2019 with a significant 8-fold decrease.

The contemporary swine 2010.2 representative strain does not have a CVV contained within clade
but retained cross-reactivity to HuVacc A/Hong Kong/45/2019, and 4-fold decrease to HuVacc
A/lowa/60/2018.
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Table 22. EU Data: Hemagglutination inhibition of CVV or human seasonal vaccine ferret antisera against

contemporary swine H3 strains selected to represent clade consensus.

e >8fold reduction
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A/Port Chalmers/1/1973 1970.1 1280
A/Ohio/28/2016_CVV H3.2010.1 640

A/swine/Italy/124375/2020|H3N2 | 2020-05-07 | 3.1970.1 320
A/Victoria/3/1975 Human | 559
seasonal

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

highlighted in gray. ND=not done.

e The contemporary swine 3.1970.1 demonstrated poor cross-reactivity with HuVacc strain A/Port
Chalmers/1/1973 and good reactivity with CVV strain A/Ohio/28/2016.
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Table 23. Amino acid substitutions between swine 1990.1 strains compared to the most recent human
seasonal vaccine A/Hong Kong/45/2019. A comparison to the prior human seasonal vaccine with highest
amino acid similarity, A/Nanchang/933/1995, and within-clade variant case A/Hawaii/28/2020 are included

This swine clade has fewer than five detections; a consensus sequence comparison was not conducted.
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Table 24. Amino acid substitutions between recent swine 1990.4 lineage strains compared to the CVV with
highest amino acid similarity, 1990.4.a A/Minnesota/11/2010. The 1990.4.c-k-like swine clade,
A/swine/Quebec/N2020-6-4/2020, has fewer than five detections; a consensus sequence comparison was not
conducted.
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Table 25. Amino acid substitutions between recent swine 2010.1 clade consensus
A/swine/Kansas/A02245675/2020 and A/Wisconsin/01/2021 H3N2v compared to the within-clade CVV
A/Ohio/28/2016, CVV A/Ohio/13/2017, and within-clade variant case A/Indiana/27/2018.
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strains in black.
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Table 26. Amino acid substitutions between recent swine 2010.2 strains compared to the most recent human
seasonal vaccine A/Hong Kong/45/2019, additional human vaccines A/lowa/60/2018 or A/Kansas/14/2017,
and a comparison to the prior human seasonal vaccine with the highest amino acid similarity,
A/Kansas/14/2017. This swine clade has fewer than five detections; a consensus sequence comparison was
not conducted.
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Table 27. Amino acid substitutions between recent swine 1970.1 strains compared to the human seasonal

vaccine A/Hong Kong/45/2019, and the prior human seasonal vaccine with the highest amino acid similarity,

A/Victoria/3/1975.
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Table 28. Amino acid substitutions between recent swine 2000.3 strains compared to the human seasonal

vaccine with highest amino acid similarity, A/California/7/2004.
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Summary and Risk Assessment

Europe:

The contemporary swine 1A.3.3.2 (pdm) demonstrated no cross-reactivity to three previous human
seasonal vaccine strains including A/California/04/2009 (see table 2)

The contemporary swine 1B.1.2.2. strain demonstrated reduced cross-reactivity to
A/Michigan/383/2018 and poor cross-reactivity to A/Brazil/11/1978 (see table 8)

The contemporary swine 1B.1.2.3 strain demonstrated good cross-reactivity to both
A/Michigan/383/2018 and to A/Brazil/11/1978.

The contemporary swine clades 1C demonstrate variable cross-reactivity to CVV strains
A/Netherlands/3115/2016 and A/Hunan/42443/2015 CNIC-1601 (see table 16).

The contemporary swine 3.1970.1 demonstrated poor cross-reactivity with HuVacc strain A/Port
Chalmers/1/1973 and good cross reactivity with CVV strain A/Ohio/28/2016 (See table 22).

North America:

1A 1.1 lineage viruses (alpha or alpha-del) 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. and Canada pigs (Figure 1, 4 and A1-2).

1A.3.3.2 (pdm) circulating in swine demonstrated a significant loss of cross-reactivity against the
current human seasonal vaccine A/Wisconsin/488/2019 (Table 1) and represent a consistent
proportion of 1A lineage viruses detected in U.S. and Canada pigs (Figure 1, 4 and A1-2).

1A.3.3.3 (gamma) HA genes diversified into additional statistically supported clades that may require
new clade designations based on the demonstrated loss in cross-reactivity of the clade-3 virus against
the 1A.3.3.3-clade 1 CVV A/Ohio/24/2015 (Table 1). 1A.3.3.3 clade 3 represent a substantial
proportion of 1A lineage viruses detected in U.S. pigs (Figures 1, 4, and Al1-2).

1B.2.2.1 (delta-1a) demonstrated cross-reactivity to CVV A/lowa/32/2016 (Table 7) and represent a
consistent proportion of 1B lineage viruses detected in U.S. pigs (Figures 1, 5, and Al-2)

1B.2.2.2 (delta-1b) demonstrated a significant loss in cross-reactivity against the CVV A/lowa/32/2016
(Table 7) and represent a consistent proportion of 1B lineage viruses detected in U.S. pigs (Figures 1, 5,
and A1-2).

1B.2.1 (delta-2) retained cross-reactivity to CVV A/Michigan/383/2018 RG58A and represent a
substantial proportion of 1B lineage viruses detected in U.S. pigs (Figures 2, 5, and A1-2).

H3.1990.1 (Cluster 1) demonstrated a significant loss of cross-reactivity against the CVV A/Minnesota/
11/2010 (Table 21) and represent a small proportion of H3 viruses detected in U.S. pigs (Figures 1, 8,
and A1-2).

H3.1990.4.a (Cluster IV-A) demonstrated a significant loss of cross-reactivity against the CVV
A/Minnesota/ 11/2010 (Table 21) and represent a substantial proportion of H3 viruses detected in U.S.
pigs (Figures 1, 8, and A1-2).

H3.1990.4.b, H3.1990.4.c-k-like, and H3.1990.4.i demonstrated significant losses in cross-reactivity
against the CVV A/Minnesota/ 11/2010 (Table 21) and represent a small proportion of H3 viruses
detected in U.S. pigs (Figures 1, 8, and A1-2).

H3.2010.1 demonstrated significant loss in cross-reactivity with the 2010.1 IDCDC-RG55C
A/Ohio/28/2016-like CVV and 4-fold loss to A/Indiana/27/2018 (Table 21). H3.2010.1 represent a
substantial proportion of H3 viruses detected in U.S. pigs (Figures 1, 8, and A1-2).

H3.2010.2 demonstrated cross-reactivity to human vaccine strain A/Kansas/14/2017 (Table 21) and
are a small but consistent detection in U.S. pigs (Figures 1, 8, and A1-2).
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Annex 1 — Variant Strains

Phylogenetic Tree — 1A.3.3.2
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Figure Al: Maximum likelihood phylogenetic tree of the 1A 3.3.2 lineage. Vaccine strains are coloured
red, variant strains coloured orange and amino acid differences in the HA1 and HA2 are annotated
next to strains used in HI testing comparative to the human vaccine strain A/California/07/2009.



Amino Acid difference table 1A3.3.2 Lineage

Table Al: Amino acid substitutions between recent swine and variant 1A3.3.2 strains compared to the
human seasonal vaccine with highest amino acid similarity, A/California/7/2009 and comparisons

between the variant strain and strains most similar used in Hemagglutination inhibition assays.
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Antigenic analysis: 1A 3.3.2 lineage

Table A2: EU Data: Hemagglutination inhibition of CVV or human seasonal vaccine ferret antisera against
contemporary swine 1A3.2.2 strains selected to represent variant strains. Amino acid differences from the
CVV A/California/4/2009 in the HA1 are annotated. Additional differences from
A/Swine/Germany/BAK36/2017 acting as a surrogate for A/Denmark/1/2021 are also included.

H]
g
w = =
§ g g
g g :
g = H
§ z H
Reference Antisera ; 5 3
Reference en Lineage 14332 14332 1A332 1A3.3.2|Amino d dif s CVV strain Amino Acid differences from surrogate
A/CALIFORNIA4/2005* w332 1280 60 5120 640 |
A/MICHIGAN/45/2015 18332 160 B0 320 640 |PA3S, DTN, S203T, 1321V, SA5TM, SHN, KIR30, S185T, 12167, CRZIR, AZSET, KERGE, KaRIE
A/BRISBANE/02/2018 18332 GAD 2560 2560 1760 |5 DTN, SCOIT, (1N SASIN, SN, KIGI0, STRST, 1216, G220R, AZSST. KIAIE, RASG. SR,
Test Antigen [S164T, Pas2n, 208
ASWINE/SPAIN/45690-8/2018 33z seD 1280 B
AJSWINE/GERMANY/AR2279/2016 MII2NIpdm 320 B0 I KL | e 1B D12, SIEEL TR KIS A
ICOF IELANLY, 016 14852 Nipdm5al L0 1280 4 1ase, k1425, GISST, N1SGD, ST62N, KIGY, 10N, S151P, STBGA, S150R, S203T, D222, “DETEE,
ASWINE/GERMANY/BAK3E/2017** 1A 3.3.2MN2 - 160 160 Jos6y, KI0E0, D20, WI1ZIG, VIXA, 11480, A8, STE0R, D22, NZBD **A/Denmark/1/2021 TP, TT, AT3S, 11667, OB, S204P, RA0SK, K211V, V234, R2saK
WIN MARK/SIR1570/2017 1A332M2 160 320 320 2560 | PRI SAOT,DETM, N1ZSD. ST, PA3S, DBTH, N1ZSD. S1267, V13T, ATHIE, GIS5E, GIR0R

ST, AISET, S203T, K211, RATHK, D21y

Antigenic analysis: Swine 1A Lineage

Table A3. EU Data: Hemagglutination inhibition of CVV or human seasonal vaccine

ferret antisera against contemporary swine 1A lineage strains. s 8 fold reduction

* 8 fold reduction

A/California/7/2009
A/Brisbane/02/2018
A/Michigan/45/2015

Global Clade

[
a
o

A/California/4/2009 1A 3.3.2

A/Brisbane/02/2018 1A 3.3.2

A/Michigan/45/2015 1A 3.3.2 80 | 640

A/swine/Italy/241572/2020

1A.3.3.2_ITAclade

Reference CVV in red, seasonal vaccine strains in gray, new swine strains in bold, variant in orange.
Homologous titers highlighted in gray.
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Figure A2: Maximum likelihood phylogenetic tree of the 1C lineage. Vaccine strains are coloured
red, variant strains coloured orange and amino acid differences in the HA1 and HA2 are
annotated next to strains used in HI testing comparative to the CVV A/Netherlands/3315/2016.
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Amino Acid Difference tables 1C.2.1 Lineage

Table A3: Amino acid substitutions between recent swine 1C.2.1 strains compared to the within-
clade 1C.2.1 CVV A/Netherlands/3315/2016.
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Antigenic analysis: 1C.2.1 lineage

Table A4: Hemagglutination inhibition of CVV or human seasonal vaccine ferret antisera against
contemporary swine 1C strains

8
~ B
g 8 -
woow =
1]
1908
: 8 ¢ F
2 £ : &
Reference Antisera 5 5 §' E‘
Reference Antigen Lineage  1C2.3 1C21 1C21  1C2.2
Reference Antigen
A/HUNAN/42443/2015 1C2.3 640 160 640
A/NETHERLANDS/3315/2016 1c2.1 160 1280 320
A/PAVIA/65/2016 w21 [ s -
Test Antigen
A/SWINE/GERMANY/BAK63/2017 1C2.1Nlav 320 640 320
A/SWINE/FRANCE/SIR3244/2017 1C2.1Nlav 1280 1280 1280
A/SWINE/ITALY/76625-3/2019 121 160 .
A/SWINE/ITALY/45510/2019 1c.2 160 »
A/SWINE/BELGIUM/SIR5289/2017 1C2.2Nlav 1280 1280 320 1280
A/NETHERLANDS/GENT-193/2019 1C2.2 Nfav 640 1280 640 1280
A/SWINE/NETHERLANDS/GENT-193/2019 1C2.2Nlav 1280 640 640 640
A/SWINE/GERMANY/AR8941/2016 1C2.2N1av 1280 320 320 640
A/SWINE/GERMANY/R1696/2014 1c2ntav 160 U800 320 160
A/SWINE/GERMANY/AR313/2015 1C.2N2 160 320 <10
AISWINEIITALY/AS#.SS—BI&].Q 1C_2.4 160 *

Antigenic analysis: Swine 1C Lineage
Table AS. UK & EU Data: Hemagglutination inhibition of CVV vaccine ferret antisera against contemporary
swine 1C lineage strains selected to represent clade consensus.

» >8 fold reduction

» 8 fold reduction

Global Clade

A/Netherlands/ 3315/2016
cvww

A/PAVIA/65/2016

A/Hunan/42443/2015

CNIC-1601-CVV

A/Netherlands/3315/2016 CW 1c21

A/PAVIA/65/2016 1C21

N
o

888

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

A/Netherlangds/10370-1/2020 1C21 80

A/swine!lta!ﬂ“%ﬁ/lﬂlo 1C2.1 | 40
A/Sw/France/85-200222/2020 1C.2.1 | 160 | 160 | 80

A/Sw/France/29-200254/2020 1c2 | 80| 8 | 80
A/swine/ltaly/69273/2020 1c24 | 80 | 80 | 40
A/swine/Italy/127069/2020 1c2.5 | 40

A/swine/Italy/86554/2020 1C25 | 80

Reference CVV in red, seasonal vaccine strains in gray, new swine strains in bold, variant strains in orange.
Homologous titers highlighted in gray. ND=not done.
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Annex 2

Geographic Distribution of swine HA phylogenetic clades by country

Figure A3. Summary of swine HA genes colored by phylogenetic clade for sequences collected July 1, 2020 —
December 31, 2020 (n=416).
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Figure A4. Summary of swine HA clades by country, colored by phylogenetic clade for sequences deposited
July 1, 2020 — December 31, 2020 (n=662).
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Table A5. Summary of swine H1 clades by country, data collected July 1 - December 31, 2020.

Clade Country Count
1A.1 CHN 1
1A.1 JAP 1
1A.1.1 CAN 30
1A.1.1 USA 19
1A.1.2 THA 18
1A.2 CAN 3
1A.2 USA 4
1A.3.3.2 AUS 1
1A.3.3.2 BRA 17
1A.3.3.2 CAN 5
1A.3.3.2 CHN 1
1A.3.3.2 ESP 5
1A.3.3.2 FRA 1
1A.3.3.2 ITA 5
1A.3.3.2 JPN 2
1A.3.3.2 KOR 1
1A.3.3.2 SRB 3
1A.3.3.2 USA 46
1A.3.3.3 USA 114
1B.1.2 ESP 2
1B.1.2.1 ESP 4
1B.1.2.2 ITA 13
1B.1.2.3 FRA 2
1B.2.1 USA 74
1B.2.2 BRA 5
1B.2.2 USA 1
1B.2.2.1 USA 22
1B.2.2.2 USA 11
1C.2.1 ESP 26
1C.2.1 FRA 2
1C.2.1 ITA 2
1C.2.1 NLD 1
1C.2.1 PRT 2
1C.2.1 SRB 4
1C.2.2 DEU 1
1C.2.2 ESP 12
1C.2.2 ITA 2
1C.2.2 NLD 1
1C.2.3 CHN 23
1C.2.3 KOR 1
1C.2.4 DNK 9
1C.2.4 ESP 1
1C.2.4 FRA 20
1C.2.4 ITA 11
1C.2.5 DNK 2
1C.2.5 ITA 5
Other-Human-1B.2 BRA 4
Other-Human-1B.2 CHL 1
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Table A6. Summary of swine H3 clades by country, data collected July 1 - December 31, 2020.

Clade Country Count
3.1970.1 ESP 3
3.1970.1 ITA 2
3.1970.1 SRB 1
3.1990.1 USA 4
3.1990.3 THA 7
3.1990.4.a KOR 1
3.1990.4.a USA 76
3.1990.4.b2 CAN 4
3.1990.4.c CAN 2
3.1990.4.c-k-like CAN 3
3.1990.4.i CAN 1
3.1990.4.i USA 3
3.1990.5 BRA 6
3.2000.3 ESP 5
3.2000.4 CHN 1
3.2010.1 USA 58
3.2010.2 USA 4
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