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Scope

In this document, we present a summary of H5, H7, and H9 avian influenza A virus
events that were reported from September 2019 to February 2020, as well as a
summary of H1 and H3 swine influenza A virus evolution from 2012 to present.



Swine influenza A viruses
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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, 2019 — December 31, 2019) downloaded from GISAID or GenBank were aligned
with MAFFT (Katoh and Standley, 2013) using automatic settings. Alignments for each segment were
inspected manually on AliView (Larsson, 2014) and the ends trimmed to the starting ATG and end
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
US-CDC'’s amino acid substitution calculator. 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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Figure 1. MicroReact map of swine IAV HA genes colored by phylogenetic clade for sequences
deposited July 1, 2019 — December 31, 2019; however, collection date is represented along bottom
time scale.
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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
(deposited July 1, 2019 — December 31, 2019) downloaded from GISAID or GenBank.
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n=100 randomly sampled from data deposited in last 6 months maintaining clade proportions, and n=25
reference genes.

Figure 3. Swine H1 HA genes of the 1A lineage. Tree was down-sampled to 100 from total of 200
swine 1A HA sequences deposited from July 1 — December 31, 2019. The most frequently
deposited clades of the 1A lineage in descending order were: 1A.3.3.3 (gamma), 1A.3.3.2 (pdm),
1A.1.1 (alpha-del), 1A.2.-3-like (LAIV MN/99-like), and 1A.2 (beta).
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Antigenic analysis: Swine 1A Lineage

Table 1. Hemagglutination inhibition of CVV or human seasonal vaccine ferret antisera against
clade consensus representative of contemporary swine 1A lineage strains.
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IDCDC-RG59 A/Ohio/24/2017-like CVV | 1A.1.1 a-del HIN2v | 5120 | 2560 | <10 | 1280
Al/swine/lowa/A02478635/2019 1A.1.1 a-del H1IN2 160 160 10 80
Al/swine/Oklahoma/A02245237/2019 1A.2 b H1N1 40 20 320 | 2560
Alswine/Texas/A01104132/2019 1A2-3-lke | g2-b-like HIN1 | 20 | 20 | 80 | 1280
A/Ohio/9/2015 wt 1A.3.3.3-c1 g.1 HIN1v <10 | <10 | 1280 | 10
Alswine/North Carolina/A02478571/2019 | 1 3.3.3-c1 g.1 HIN1 <10 10 1280 20
Al/swine/lowa/A01731653/2016 1A.3.3.3-c3 9.3 HIN1 10 <10 160 20
Alswine/Nebraska/A02214231/2017 1A.3.3.3-c3del | g.3-del HIN1 | 10 | <10 | 320 | 10
Alldaho/7/2018 1A.3.3.2 H1N1pdm09 80 | 160 | 160 | 10240
Alswine/Utah/A02432386/2019 1A.3.3.2 H1N1pdm09 | 80 | 40 | 160 | 5120

CVV in red and human seasonal vaccine strain in dark red.

e The contemporary swine 1A.1.1 (alpha-del) demonstrated a significant fold-decrease from
CVV A/Ohio/24/2017.

e The contemporary swine 1A.2 (beta) does not have a CVV contained within clade and
demonstrated limited antigenic similarity to any 1A CVV. There was cross-reactivity with the
high-titer A/ldaho/7/2018 vaccine strain.

e The contemporary swine 1A.2.3-like (LAIV MN/99-like) does not have a CVV contained
within clade and demonstrated limited antigenic similarity to any 1A CVV. There was cross-
reactivity with the high-titer A/ldaho/7/2018, but at an 8-fold-decrease.

e The contemporary swine 1A.3.3.3 clade 1 (gamma-c1) retained cross-reactivity with CVV
A/Ohio/9/2015; however, the clade 3 and clade 3-del strains had moderate to significant
fold-decreases.

e The contemporary swine 1A.3.3.2 (pdm) with onward transmission in swine retained cross-
reactivity to A/ldaho/7/2018 vaccine strain.
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Table 2. Amino acid substitutions between recent swine 1A.1.1 lineage strains compared to nearest
CVV.

Mature H1 HA1
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Table 3. Amino acid substitutions between recent swine 1A.3.3.2, 1A.2, and 1A.2-3-like lineage
strains compared to nearest seasonal vaccine strain.

IA/swine/Utah/A02432386/2019|1A.3.3.2
Alswine/Texas/A01104132/2019|1A.2-3-like

Mature H1 HA1

Annotation

—
N

N
N

Z |— |m |A/swine/Oklahoma/A02245237/2019|1A.2

w
[§)]
m

N
o

N
w

(o))
—_

~
—_
M
M

~
w

N
IN

o]
w

o]
»

©
e

[{e]
»

I |z |Z2 | |7 |w»w

104
119
120
121
126
127
128
129
130
138
142
146

z

>

z

z

N
~
XxTRZnwoxTwHX|O|—|O|0|n |0 > n|—|<|X|X|O|<|CA/ldaho/07/2018|1A.3.3.2

X |1Z|< [0 |» |4 m|<

OFFLU report
February 2020 WHO Vaccine Composition Meeting



149
162
163
164
166
168
170
173
176
183
185
186
190
203
205
209
216
224
228
234
239
240
256
258
260
261
267
270
271
278
283
295
298
302
310
314
321 I

aadiff 8 |52 | M
*Reference human seasonal vaccine in red, swine strains in black.

Sa
Sa
Sa
Ca1

w X | |r

z

m

Ca2

w

Sb, RBS

A RBS

(I ONP NP

PI< 00O RPIKIH-O>PP|DIXRNO>»H00|—|—[XIZ| 0|0 |X WV

m|< |— [X

<

<-rHx"|—I<KmHA|oAHAl=—FZ2mMmHA—-—x"<|IZMHAX|THEH|®|>H|T|IrI<|®|O||—|H|0|Z|—

—Z2IxIMmIK |— X |Z|»n

OFFLU report
February 2020 WHO Vaccine Composition Meeting



Table 4. Amino acid substitutions of recent swine 1A.3.3.3 lineage strains compared to nearest

CVV.
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Figure 4. Swine H1 HA genes of the 1B lineage. A total of 125 swine 1B HA sequences deposited
from July 1 — December 31, 2019 were included. The most frequently deposited clades of the 1B
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Antigenic analysis: Swine 1B Lineage

Table 5. Hemagglutination inhibition of CVV vaccine ferret antisera against clade consensus
representative of contemporary swine 1B lineage strains.

[oo)

)

o

© N~ ]

S | o 0

N A =

8| 8| 8

§ S | 5

Global us 3!/ 8| =

Clade Clade g g g
Allowa/32/2016 1B.2.2.1 | d1aHIN2v | a0 | 20| 20
Al/swine/South Dakota/A01481702/2014 | 1B.2.2.1 | dla H1N2 80| 20 80
Alswine/Minnesota/A02478597/2019 1B.2.2.2 | d1b H1N2 40 | 20 20
A/Ohio/35/2017 1B.2.1 d2 H1IN2v 80 | 640 160
A/Michigan/383/2018 1B.2.1 | d2HIN2v | 40 | 160 | 1280
Al/swine/lllinois/A02139356/2018 1B.2.1 d2 H1IN2 20 | 320 | 1280

CVVinred.

e The contemporary swine 1B.2.2.1 (delta-1a) demonstrated a significant fold-decrease from
CVV Allowa/32/2016.

e The contemporary swine 1B.2.2.2 (delta-1b) does not have a CVV contained within clade
and demonstrated a significant fold-decrease from CVV A/lowa/32/2016.

e The contemporary swine 1B.2.1 (delta-2) remained cross-reactive to CVV A/Ohio/35/2017
and A/Michigan/383/2018.
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Table 6. Hemagglutination inhibition of CVV vaccine ferret antisera against clade
consensus representative of contemporary swine 1B lineage strains from Europe.

]

o

. o

5 3

= c

- ©

= o)

N <=

o =

2] =

subtype clade g g

A/Brazil/11/1978 H1N1 hu-vaccine 5120 40
A/Michigan/383/2018 H1N2 cvwv 80 320
Alswine/ltaly/126300/2019 H1N2 1B.1.2.2 160 160
Alswine/ltaly/202244/2019 H1N2 1B.1.2.2 160 40
Al/swine/England/20846/2018 H1N2 1B.1.1 1280 80
Al/swine/England/062058/2018 H1N2 1B.1.1 640 80
Al/swine/Spain/40340-2/2017 H1N2 1B.1.2.1 1280 40
Al/swine/Spain/45600-2/2017 H1N2 1B.1.2 640 20

CVV in red, human vaccine strain in dark red

e The contemporary swine 1B.1.2.2 does not have a CVV contained within clade and
demonstrated some loss of cross-reactivity to the CVV A/Michigan/383/2018 1B 2.1 and a
significant fold-decrease from the ancestral human seasonal vaccine strain
A/Brazil/11/1978.

e The contemporary swine 1B.1.1 does not have a CVV contained within clade and
demonstrated a significant fold-decrease from both CVV A/Michigan/383/2018 1B 2.1 and
the ancestral human seasonal vaccine strain A/Brazil/11/1978.

¢ The contemporary swine 1B.1.2.1 does not have a CVV contained within clade and
demonstrated a significant fold-decrease from both the CVV A/Michigan/383/2018 1B 2.1
and the ancestral human seasonal vaccine strain A/Brazil/11/1978.

e The contemporary swine 1B.1.2. does not have a CVV contained within clade and
demonstrated a significant fold-decrease from both the CVV A/Michigan/383/2018 1B 2.1
and the ancestral human seasonal vaccine strain A/Brazil/11/1978.
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Table 7. Amino acid substitutions of recent swine 1B.2.2 (delta-1a and -1b) lineage strains
compared to nearest CVV.

11B.2.2.1

Annotation

< |A/swine/Minnesota/A02478597/2019|1B.2.2.2

m |< |A/swine/South Dakota/A01481702/2014

SR |3 Mature H1 HA1

o]
»

©
e

[{e]
»

119
127
128
132
141
149
152
153
166
168
170
183
184
186
187
193
194
199
202
208
222
244

>
> |Z|X|>»|0|m|d

<

RBS

m|xX|<|X

Sb
E Ca1

Ca2

RBS
Sb, RBS
RBS

RBS

HOBE<K<|HATOOZOEMXK[H-MX|L<|[H|D|H|0|0|>|X|r |Allowa/32/2016/1B.2.2.1

>|1Z|Q|>|—|X[(A|Z2\mM|O|1v|m|Z
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256

261

269

277

283

289

310

—=H|Z | X |>|X|r|>

>wo|H|1Z2|T|H

aadiff

7

32

*Reference CVV in red, swine strains in black.
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Table 8. Amino acid substitutions of recent swine 1B.2.1 (delta-2) lineage strains compared

to nearest CVV.

N

m

©

o

N

| o

N |6

g |

= | ®

c |8

8| <

b Q| e

™ o

lE|s

T 23

g 5| £
g |53 .
s < | < | Annotation

71 N | T

169 | E | K
170 | G | E Ca2

173 \% |

259 | K| R

260 | S | G

aadiff 6

*Reference CVV in red, swine strains in black.
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Table 9. Amino acid substitutions of contemporary swine 1B.1 strains from Europe compared to

nearest seasonal vaccine strain.

Annotation

Cb

Cb

1'2'1'aLlL10Z/2-0vE0p/uteds/auIms Y|

L'1'9L18102/850290/pue|Bug/auims/y

R |V |Cb

Z'1'daLl2102/2-0095Y/uteds/auims/y

L'1'9LI8102/9080Z/pue|Buz/auIMs/ Yy

S |S |S |S

zz v ailerozivvzzoz/Aielsums)y

S

ZzZ'L'gaLlzNLHI6L0Z/00E9Z L/AIRY /PUIMS) Y

A

S

L2 9LIAADIAZN LHIgLOZ/E8E/ueBIYDIN/V|

L

L

E

P

E

#861-0861 9ANY|LNLHISZ6L/LL/1ZRIG)Y

A

G

IVH LH ?injey

19
35
36

43 | R
44
47

48

54 | K | S

57

68

69 | S
70

71

73

74 | K

80|A |V

82

83

85|S

88

89

94

9 | A

106 | S

109 | S
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111 F I V

M2 E | K

1M3|R | K

116 | | M

120 E | K |G

121]R |S |[S |S |S |G |S |S

124 | P S | Sa
125 | K [N E |Q |N |Sa
127N | T |S |S

128 | | vV |V vV |V |V |V

129 | T del | del N N

130 | R | del | del | del K K |K

132 |V S |A K RBS
133| T | S RBS
134 |A | S V |[K |V RBS
137 | S P

138 | H K |[K

139 | K [N |Q |Q [N |[R [N

141K [N R N N

146 | R T |T |K Q

149 | L I

153 |E |V G Sb
155 | N D D Sa
156 | G | N Sb
157 |S | L A I Sa
161 | L

162 | S T |T N Sa
163 | K M |[M [N Sa
164 | S H Sa
166 |V |[T |M | M Ca1
168 | N | K |D |D D

169 | K | E R

170 | E |G K K |D |Ca2
171 | K R |R E

176 | L

179 |V I

181 | H N

183 | S A

184 | N K

185 | | M |M M M

187 | D N RBS
189 K |R |[R |[R |R |R |R |R |Sb,RBS
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190

A |A |A |A |Sb RBS

191

RBS

193

H Sb, RBS

194

= | |r|>»

RBS

196

199

202

205

T

207

208

211

215

216

220

I RBS

222

o — x|
Py

N |[N |RBS

232

235

z

237

m
A

Ca4d

238

241

245

248

249

252

X
—

256

258

259

260

261

262

267

268

270

271

272

273

276

z
z

277

278

283

288

z

290

roOoxXH00 200 EHOTEOEADD O S|"|ICIZ7060M-HOIKX P HITIZZL<IK|IZ|IR|D|T|H
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295 | V I

208 | V I

299 | T A

307 | V I

308 | R K |K |K

310 | T |A |A K

311 | K R

313 | R K |[K

315 |V A A

321 | | T V
aadiff 49 | 47 | 47 | 45|36 | 43 | 34

*Nearest CVV in red, swine strains in black.
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1C Eurasian avian lineage

* H1v candidate vaccine virus

M A/Idaho/07/2018 (H1N1pdm vaccine)
Reported H1v cases
# Hl tested viruses

H1 1C swine genetic clades

1C.2.1 (n=14)
@ic22(n=2
@®1c2(n=31)
@ 1c.1 (n=1)

|- lab-2020|CVVI|EPI_ISL_237790|EPI859637|A/Netherlands/3315/2016|[HINOv|HA|Human|2016-11-04 * #

— lab-2020|A/Pavia/65/2016|H1Nx|ltaly|1C.2.1|VARIANT #

#

A/swine/ltaly/34051/2019|H1N1|Italy|1C.2.2|2019-01-28
A/swine/ltaly/190433/2019|H1N1|Italy|1C.2.2|2019-05-30
ref|A/swine/llle_et_Vilaine/1455/1999|H1N1|France|1C.2
Iab-2020|CWIEPI_ISL_206573|EPI691395|A/Hunan/42443/2015IHlvalHAIHuman|2015-07-02* #
A/swine/ltaly/115494/2019|H1N1|ltaly|1C.2|2019-03-29
A/swine/ltaly/53981/2019|H1IN1|Italy|1C.2|2019-02-13
lab-2020]|A/swine/Italy/45510/2019|HIN2|Italy|1C.2|2019-02-06 #
A/swine/ltaly/38193/2019|HIN1|ltaly|1C.2|2019-01-31
A/swine/ltaly/50693/2019|HIN1|ltaly|1C.2|2019-02-11
A/swine/ltaly/50634/2019|H1N1|Italy|1C.2|2019-02-11
A/swine/ltaly/102227/2019|H1N2|Italy|1C.2|2019-03-21
A/swine/ltaly/27220-2/2019|H1N2|ltaly|1C.2|2019-01-23
_|A/swine/ltaly/31079/2019|H1N2|Ita|y|1C.2|2019701723
A/swine/ltaly/349026/2019|H1N2|ltaly|1C.2|2019-10-10
— A/swine/Italy/14348/2019|H1IN2]|ltaly|1C.2|2019-01-11
EPI_ISL_399238|A/swine/Denmark/N38W3/2017|H1N2|Denmark|1C.2|2017-11-30
EPI_ISL_399237|A/swine/Denmark/V45W2/2017|HIN2|Denmark|1C.2|2017-11-23
EPI_ISL_399236|A/swine/Denmark/V45W3/2017|H1IN2|Denmark|1C.2|2017-11-30
EPI_ISL_399240|A/swine/Denmark/N136W4/2017|H1N2|Denmark|1C.2|2017-12-09
EPI_ISL_399239|A/swine/Denmark/N136W3/2017|H1N2|Denmark|1C.2|2017-11-30
EPI_ISL_399235|A/swine/Denmark/N78W6/2017|H1N2|Denmark|1C.2|2017-12-19
EPI_ISL_399234|A/swine/Denmark/V81W6/2017|H1N2|Denmark|1C.2|2017-12-19
EPI_ISL_399233|A/swine/Denmark/N78W2/2017|HIN2|Denmark|1C.2|2017-11-23
| _JEPI_ISL_399232|A/swine/Denmark/N38W2/2017|HIN2|Denmark|1C.2|2017-11-23
EPI_ISL_399224|A/swine/Denmark/N36W3/2017|HIN2|Denmark|1C.2|2017-11-30
EPI_ISL_399230|A/swine/Denmark/V57W5/2017|HIN2|Denmark|1C.2|2017-12-13
EPI_ISL_399231|A/swine/Denmark/N36W4/2017|H1N2|Denmark|1C.2|2017-12-09
EPI_ISL_399227|A/swine/Denmark/V57W4/2017|H1N2|Denmark|1C.2|2017-12-09
EPI_ISL_399225|A/swine/Denmark/V15W5/2017|H1IN2|Denmark|1C.2|2017-12-13
EPI_ISL_399228|A/swine/Denmark/V45W6/2017|H1IN2|Denmark|1C.2|2017-12-19
EPI_ISL_399229|A/swine/Denmark/V55W6/2017|HIN2|Denmark|1C.2|2017-12-19
EPI_ISL_399226|A/swine/Denmark/N126W6/2017|H1IN2|Denmark|1C.2|2017-12-19
EPI_ISL_399223|A/swine/Denmark/N82W2/2017|H1N2|Denmark|1C.2|12017-11-23
EPI_ISL_399222|A/swine/Denmark/V85W2/2017|HIN2|Denmark|1C.2|2017-11-23
EPI_ISL_399221|A/swine/Denmark/V85W6/2017|H1N2|Denmark|1C.2|2017-12-19
- ref|A/swine/Arnsberg/6554/1979|HIN1|Germany|1C.1
EPI1206974|A/Idaho/07/2018|H1IN1|MH245997|huVac_2019-present_alt .

0.06

n=47, data deposited within last 6 months, and n=6 reference genes.

Figure 5. Swine H1 HA genes of the 1C lineage. A total of 47 swine 1C HA sequences deposited
from July 1 — December 31, 2019 were included. The most frequently deposited clades of the 1C
lineage in descending order were: 1C.2, 1C.2.1, 1C.2.2, and 1C.1 (Eurasian avian H1 subclades).
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Table 10. Hemagglutination inhibition of CVV vaccine ferret antisera against clade consensus
representative of contemporary swine 1C lineage strains from Europe.

©

o

I

o -
S| 2] e
< ) P
S| 2| 8
<t 1] n
= = ©
[ 2 8
5 i s
I p4 o
subtype clade I P g
A/Hunan/42443/2015 H1N1v | CWV 640 80 20
A/Netherlands/3315/2016 H1N1v | CWVW 40 640 40
A/Pavia/65/2016 H1N1v 1C.2.1 20 20 640
A/swine/ltaly/45510/2019 H1N2 1C.2 160 40 80
A/swine/ltaly/76625-3/2019 H1N1 1C.2.1 160 80 40
A/swine/ltaly/49456-3/2019 H1N2 outgroup 160 80 40

CVV in red, human vaccine strains in dark red.

e The contemporary swine 1C 2 does not have a CVV contained within clade and
demonstrated a significant fold-decrease to the 1C CVV’s and A/Pavia/65/2016.

e The contemporary swine 1C 2.1 does have a CVV contained within clade and demonstrated
a significant fold-decrease to the 1C CVV’s and A/Pavia/65/2016.

e The contemporary swine 1C outlier group does not have a CVV contained within clade and
demonstrated a significant fold-decrease to the 1C CVV’s and A/Pavia/65/2016.
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Table 11. Amino acid substitutions of recent swine 1C lineage strains compared to nearest CVV.

Annotation

Cb
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Sa

RBS
RBS
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T
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*Reference CVV strain in red, swine strains in black.
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Contemporary Global H3 swine IAV: genetic diversity

H3 swine genetic clades

@:320102
@ Other-Human-2010 — =
@3.2010.1 —
3.2000.3
@3.199%0.4.a
@3.1990.4.b
@3.1990.4.i
3.1990.1
@:3.1970.1
Human vaccine or seasonal _‘! 2010s
- | 2000s
1990s
|
1970s

n=108, data deposited within last 6 months, and n=44 reference genes.

Figure 6. Global swine H3 phylogenetic tree colored by clade and annotated by decade of introduction
of human seasonal ancestor. Analyses were conducted with reference sequences and new data
(deposited July 1, 2019 — December 31, 2019) downloaded from GISAID or GenBank.
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EPLISL 39343 11A/swine/Okiahoma/AQ1678605 /20 19IH3N2 USAI3.2010.2[2019-07-12
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EPL S5 393553 A/swine /lowh 024 786522016113 3.7910.112019-09-04
lab-2020]A/Ohio/13/2017[H3N2v|USA[3.2010.1

BSA‘Z .2010.1{2019-09-09

3N2
EPI ISL. 396137‘A/ wine /lowa/A02478674/2019|H3
1ISL_393534 9 SA[3.2010.1/2019-09-09
PLBL 399412[A/swine/North Carolina/A02478707/2019|H3N2[USAI3.2010.112019-10-01

E
EPI_ISL_393556|A/swine /North_Carolina /A 53/2019|H3N2|USA|3.2010.1|2019-09-09
EPI_ISL_396976 |A/swine/North_ C_arollna/A02245239/2019)H3NZ}USA|3 2010. 1‘2019 09-10

H3 swine lineage

* H3v candidate vaccine virus
Bl A/lowa/60/2018
Previous H3N2 seasonal vaccings
Reported H3N2v cases
# HI tested viruses

EPI_ISL_393515 |A/swine/North_Carolina/A02478628/. 3N2]USA|3.2010.1/2019-08-28
EPI"lSL?QGSS! |A/swine /North_Carolina/A02478687/2019(H3N2|USA[3.2010.1/2019-09-19
388059|A/swine /lowa/AQ. 70/2019|H3N2|USA|3.2010.1|2019-07-01

EPI lSL_3 9418|A/swme/Nonh Carolma/AOZd78711/2019\H3NZIUSA\3 2010. l|2019 10-02
PLISL_393500|A/swint /Nor( Carol\na/AOZZdSZ15/2019|H3N2|USA|] 2010 I20129808 15

| BL_396964|A/
EPLISL 38862 31A/swine lowa/A02478588/2019IH3NZ |USAIS: 2010. 1|2019 07-09
EPT ISL 33696114 swine/lowa/A024 78683 /201 S113NZ|USAI3 2010 1j2
EPI_SL_399615|A/swine/lowa/A02478747/2019 3N2| SA‘ 12010.112
EPI ISL 3886214/ euinelowa/ A0 24785952019

lina/A024; 9|H3N2|USA(3.2010.1/2019-10-11

. .
H3 swine genetic clades
orth_C: 40
@3.2010.2 (n=1) Bﬂz%;B:I:mr.:a;;:sz?;gezafﬂom’af;az'.z2;%'%%‘959550&" Lots-0s-13

_’ EPI_ISL_388058|A/swine/lowa/A02478575 /2019‘ ‘ I
@ Other-Human-2010 (n=1) - iR Tt R BRI R e D

EPLISL_399411|A/swine/lowa/Al '23/2019|H3N2|USA|3.2010.1|2019-10-03
EPLISL. 396135|A/sw!ne/lowa/A0247ES73/2019\H3N2 USA|3.2010.1

@ 3.2000.3 (n=1)
@3.1990.4.a (n=31)
@3.1990.4.b (n=1)

1
EPI_ISL_396122|A/swine/Minnesota/A0224523 5lZOl9|H3N2|USA|3.2010.1|2019709706
3 201 0 1 —54 EPITSL_ 381684 A/swme/kwa/A0247858212019| 3NZ|USA| 2010.1]2019-07-02
. . n— EPIZISL_399728|A/swine/lowa/A02478767/2019|H3N2|USA|3.2010.1/2019-10-16
@ 3.1990.4.i (n=1)

H3 .2010.1{2019-08-27
ine/Minnes: m/AOZZASZOl/ZOlQIH}NZIUSA 3.2010.1[2019-07
~399709]A/swine/Minnesota/A02245296/20 .2010. -
399707IA/swmelMlnneso(a/AOZ245307/2015 H3N2|USA|3.2010.1|2019-1
399711|A/swine/ 4/2019 H3N2 USAI3.2010.112019
351539|A/swme/wnnesmm 334519 7/2019|H3N2|USA|3 2010.1
SL_399710|A/swine/Minnesota/A02245 306/2019 H3N2 USAI3.2010.1 015 10-28
399;;03|AIsmneannesouIA 2224520512019 HBNZIUSAB 2010. lllxzzgllg -07-28
SL 399413 A/swine [Minnesota) A Z478714A2019bH3NZ£ dz 20101 2019- 0934
1S_393541]A/swine/Utah/A02478641/2019| SA[3 112019-09-0
TSL_388626/A/swine/Utah/A02478591/2019|H3N2|USAI3.2010.1]2019
- P ISL 5393554 1A swine lowa A02478658/2019H3NZIUSAI3, 2010, 1|2019 -09-05

3
2P
0

;
T
oow
2
o
o
“’:
.
£

7%}
ey

(|
{7y

@
it
w

:!1——3

=2

3.1990.1 =2 L-399406|A/swinelowa/A02478730/2019H3NE IUSAI3.2010.1]2019-10-08
. g (n= lab- 2020TAI()h|o/ZS/ZOlSIH3NZVIUSAI 11ew
lab-2020|A/Ohio/27/2016|F
EPLISL 395600(A/wine lowa/A02478762 /201 3N |0SA13.2010.112019-10-04
3 1970 1 (n=17) EPI_ISL_393509|A/swine/Kansas/A02245216/2019|H3N2|USA[3.2010.1|2019-08-16
" - EPLISL_396971|A/swine/Kansas/A02245259 ZOIQJHBNZ USA|3.2010.1/2019-10-01
EPI_TSL_393557|A/swine, Oklahoma/AOZ4786 0/2019|H3N2|USA|3.2010. l|2019-0‘?~§):

EPIISL_399706|A/swine /Oklahoma/A02245308/2019|H3N2|USA|3.2010.1|2019-11

EPLISL 39698lIA/swme/Kansas/AOZNSZ 4/2019|H3N2|USA|3.2010. 1\2019 09 19

EPI_ISL_388618|A/swine /lowa/A02478586/2019|H3N2|USA|3.2010.1|2019-0

EPLISL_ 39614lIA/swmeIIIImols/AOU78565/2019 H!NZlUSA\! 2010.1/12019- 09 03

lab-2020[A/swine /Missouri/A01410819/2014|H3N1|USA| 3 2010

EPI_ISL ZAO!Q\[PHBMGQA Brisbane/10/2007|H3N2|huVac_2008-201

—— -2020|A/swine /Spain/45690-10/2019 HZV\Z Spam 3.2000.3|forHI

EPI_ISL_113070 EP\]G?LU; A/California/7 /2004 |H3N2|huvac_2005-20"
EPI_ISL_111384|EPI362915|A/Fujian/411/2002|H3N2|huVac_2004 ZUUS

EPLISL_29667]EPI176951|A/! SydEr\ey"SJL‘%g??\H}\lZ\’\uVa( 1998-2000

9407|A/swme/lndlana/A024787Z712019|H3N2|USA|3 1990.4.a]2019-10-04
EPIISL_: 358669IA/swmeIIowa/AOZ478500/2019|H3N2IUSA‘ 990.4.2|2019-07-26
|A/swine/lowa/A02478636/2019|H3N2|USA[3.1990.4.2|2019-08-26

4/2019|H3N2 |USA|3.1990.4.
A/swinellowalAOZd78584/2019’H3N2|USA3 1990.4.2/2019-07-10
9697418 /swine/North Carolina/A02245252 /20191H3NZIUSAI3. 1990.4.212019-09-19
9396 |A/swine indiana /02478732 /2019 H3N2 USAI3.1990.4.22019-1
96960 |A/swine/Ohio/A02478686/20 19 HINZIUSAI3,1990.4.2 2019-0
|A/swine/Indiana/A02478733 /2019 H3N2|USA|3.1990. a|2019 10701
6973 |A/swine /North_Carolina/A022452 53/20 SIH3NZ|USAI3.1990.4.212019-09-19
)|A/swine /North_ CavoTlnalAOZ24529412019|H3N2IUSAIZ
96146|A/swine/North_Carolina/A024 78! 66/2019|H]N2\USA|3 159 4.212019-09-12
99372|A/swine/lowa/A02478700/2019|H3N2 |USA|3.1990.4.2]2019-0
57, 3N2|USA|3.1990
9595 |A/swine/lowa/A02478759/2019|H3N2 |USA|3.1990

i
AP
W'

et
'

w
©
=
pt
Wi

4
2
W'y

s
Tl
W
o
@
-
$3
=
5
23
i
=
3
8
IS
el
*
>
I~
0
I
z
s
1=

sl

USA|3.
Ll 9364|A/swmellowa/A 473703/2019\H3NZ|USAI3 1990
3?6133|A/5wme/Kan§a§/AOZZ452 1/2019|H3N2|USA|3.1990.4.a/2019-09-13
EPLISL 9842|A/swmellt7wa/A02475605/2019\H3NZ|USA|3 1990.4.a/2019-08-05
TA/swme/Oklahoma/AOl776961/2016|H3N2IU 3.1 4a
Dakota/A0247B74S/ZO;QIH}NZIUSA\B 1990.4.. :~1|20199 120 10

PI_ISL. 399387|A/swmelM|nnesola/ 0224 5278/2019|H3N2\USA]3A1990:4.3\2019—10-09

EPI_ISL 389847LA wine /Sot kota/A02478607/2019|H3N2|USA|3.1990.4.a]2019-07-31
EPLISL_399 05\A/swlne/lowa/AUZ478735/2019 |H. |USA|3.1990.4.2]2019-10-09
lab-; ZUZD\Alswlne/NY/AOI104005/2011| N2|USA|3.1990.4a
lab-2020|A/Minnesota/11/2010|H3N2v|USA|3.1990.4. A\VARIANTS
lab-2020|A/swine/Indiana/A01729045/2016|H3N2 |USA|
lab- ZUZO\A wlne/Wycmlng/AOZ245222/2019\H3NZ\USAB 1990 4 b
lab-2020|A/swine /lowa/A02478764/2019|H3N2|USA|3.1990.4
EPI_ISL_167262|EPI5S45300|A/Wuhan/ 3)9 1995|H3N2 |huvac_1996-1998

EPI_ISL_167252|EPI545290|A/Johannesburg/33/1994|H3N2|huvac_1995-1996
EPI_ISL_115769] [P\367190 A/Beijing/ 3;3 1989|H3N2 |huvac 1991 1993
EPI_ISL_110865 |EPI362501]A/Sichuan/2/1987|H3N2 |huVac_1988-
EPI_ISL_76487|EPI269560|A/Philippines/2/1982|H3N2 |huVac_ 1983—1986

-2020[A/swine/laly/S 7721 1/2019|H3N2||m| 12019-02-18
Iab-2020/Aswine aly/226022/20191H3N2 taly[2019-06-27

svme na /61705 2019|H3N2]2019
|3L N # #
AlswnelItAI‘{/l47572/2019|H3N2|2019 -04-2

/2019]H3N2[20 o4
AAszne/\mly/ 333/201913N212019:03.13
/swine litaly/242975/20191H3
1ab-2020]A/cwine /Gent/48/2 017|H3N2|Be| um\! 1970.1
2020|A/swme/|u|y/115259/2019 H3N2litalyl2019-03-29 #

A/svnnemay/ 1201 ’H}NZlZ 019

Afswine/Ital /50016/2019

A/swine /Ital 115472/2019\H3N2|2019 5329
ne/Ialy/8745-2/2019]H3N2[2019-01-08

Alswit
EPI_ISL_20940|EPI29728|A/Port_Chalmers/1/1973 [H3N2 [huVac_1974-
EPITISL_1096|EPI131278|A/Victoria/3/1975 H3N2 |huVac_1976-1978
0.02

n=108, data deposited within last 6 months, and n=32 reference genes.

Figure 7. Swine H3 HA genes. A total of 108 swine H3 sequences deposited from July 1 —
December 31, 2019 were included. The most frequently deposited clades of the H3 subtype in
descending order were: 3.2010.1; 3.1990.4.a (IV-A); 3.1970.1; 3.1990.1 (I, LAIV TX/98-like);
3.1990.4.i (1V-l); 3.1990.4.b (IV-B); 3.2000.3; 3.2010.2.
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Antigenic analysis: Swine H3

Table 12. Hemagglutination inhibition of CVV or human seasonal vaccine ferret antisera against
contemporary swine H3 strains selected to represent clade consensus.
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glg | &§ §| 8§
g | o 3§ 8| 8
152 5 §| B
£l ao < ° 3
= |09 (®) = k)
Lineage < | 9= < I | <
A/Minnesota/11/2010 x 203 1990.4.AH3N2v | 840 | <10 | <10 10 | <10
Alswine/Missouri/A02257614/2018 1990.1 H3N2 40 | <10 20 20 | <10
Al/swine/North_Carolina/A02245294/2019 | 1990.4.A H3N2 80 | <10 10 20 | <10
A/swine/Wyoming/A02245222/2019 1990.4.B H3N2 40 | <10 20 20 | <10
Alswine/llowa/A02478764/2019 1990.4.1 H3N2 10 | <10 | 20 10 | <10
IDCDC-RG55C A/Ohio/28/2016-like CVV | 2010.1 H3N2v <10 | 1280 | 1280 40 | 10
A/Ohio/27/2016 2010.1 H3N2v <10 | 640 | 1280 80 | 10
Al/swine/Ohio/A01354299/2017 2010.1 H3N2 <10 | 80 160 80 | 20
Allndiana/27/2018* 2010.1 H3N2v <10 10 40 640 | 10
Allowal/60/2018 cell HuVacc H3N2 <10 | <10 10 10 | 320
Al/swine/llowa/A02430102/2019 2010.2 H3N2 <10 | <10 20 20 | 40

CVV in red, human vaccine strain in dark red. *A/Indiana/27/2018 H3N2v (equivalent to
A/Ohio/13/2107) is also representative of contemporary swine strains.

The contemporary swine 1990.1 (C-I, LAIV TX/98-like) does not have a CVV contained
within clade and demonstrated a significant fold-decrease from CVV A/Minnesota/11/2010.
The contemporary swine 1990.4.A (IV-A) demonstrated a significant fold-decrease from
CVV A/Minnesota/11/2010.

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

The contemporary swine 1990.4.1 does not have a CVV contained within clade and
demonstrated a significant fold-decrease from CVV A/Minnesota/11/2010.

The contemporary swine 2010.1 A/swine/Ohio/A01354299/2017 demonstrated a significant
fold-decrease from CVV A/Ohio/28/2016.

The contemporary swine 2010.2 does not have a CVV contained within clade and
demonstrated a significant fold-decrease from CVV A/Ohio/28/2016 and seasonal vaccine
strain A/lowa/60/2018.
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Table 13. Hemagglutination inhibition of CVV or human seasonal vaccine ferret antisera against
contemporary swine H3 strains from Europe selected to represent clade consensus.

IA/Port Chalmers/1/1973

subtype clade

A/Port Chalmers/1/1973 H3N2 hu-vaccine | 1280
A/swine/ltaly/57721-1/2019 H3N2 3.1970.1 >10
A/swinel/ltaly/226022/2019 H3N2 3.1970.1 160

Al/swine/ltaly/115269/2019 H3N2 3.1970.1 >10
Human vaccine strain in dark red

e The contemporary swine 3.1970.1 do not have a CVV contained within clade and
demonstrated a significant and heterogenous fold-decrease to the clade ancestral vaccine
strain A/Port Chalmers/1/1973
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Table 14. Amino acid substitutions of recent swine 1990 lineage H3 strains compared to nearest

CVV.
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*Reference CVV in red, swine strains in black.
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Table 15. Amino acid substitutions of recent swine 2010.1 H3 strains compared to nearest CVV.
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209 S N | N
aadiff 0 8 4 3

*Reference CVV in red, swine strains in black, A/Ohio/27/2016 represents contemporary swine

strains in the USA in addition to A/swine/Ohio/A01354299/2017.
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Table 16. Amino acid substitutions of recent swine 2010.2 H3 strains compared to human seasonal
vaccine strain.
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*Reference seasonal vaccine strain in red, swine strains in black.
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Table 17. Amino acid substitutions of recent swine 1970.1 H3 strains compared to nearest ancestral

human seasonal vaccine strain.
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*Reference seasonal vaccine strain in red, swine strains in black.
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Annex 1

H1 H3
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Swine H1 Clades Swine H3 Clades

B A1 (@pna)

B 4333 @amma) ] 1B.2.22 (dettatb) [l 319701 (Port Chaimer's-iike) Il 3.1990.4.i (Cluster V1)

1A.2 (beta) B 15122 (Hu-iike) [ 1C.2 (Eurasian avian) 3.1990.1 (Cluster 1 Tx98-like) [JJJJ] 3.2010.1
B 1A2-3-tike (MNoo-tike) ] 1B.2.1 (delta2) 1C.2.1 (Eurasian avian) [JJ] 3.1990.4.a Clusterv-a) [ 320102
W 2332 @dm) [l 8221 etata) [ 1c.22 (Evrasian avian) [ 3.1990.46 Cuuster v-8)  [J] other-Human-2010

Figure A1. Geographic distribution of swine HA phylogenetic clades for HA sequences deposited
July 1, 2019 — December 31, 2019. Y-axis represents cumulative count for each country, separated
by HA subtype across the top headers.
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Table A1. Summary of swine H1 clades by country and month of collection.

Subtype Country Clade Year-Month | Count
H1N2 United States 1A.1.1 2019-07 8
H1N2 United States 1A.1.1 2019-08 8
H1N2 United States 1A.1.1 2019-09 9
H1N2 United States 1A.1.1 2019-10 9
H1N1 United States 1A.2 2019-08 1
H1N1 United States 1A.2 2019-09 3
H1N1 United States | 1A.2-3-like 2019-09 1
H1N1 Australia 1A.3.3.2 2012-09 1
H1N1 Australia 1A.3.3.2 2013-04 1
H1N1 Australia 1A.3.3.2 2013-08 3
H1N1 Australia 1A.3.3.2 2013-09 4
H1N1 Australia 1A.3.3.2 2013-12 3
H1N1 Australia 1A.3.3.2 2017-04 7
H1N1 Australia 1A.3.3.2 2017-05 4
H1N1 Australia 1A.3.3.2 2017-07 2
H1N1 Australia 1A.3.3.2 2018-03 2
H1N1 Australia 1A.3.3.2 2018-07 1
H1N1 Australia 1A.3.3.2 2018-09 4
H1N1 Australia 1A.3.3.2 2018-10 2
H1N1 Australia 1A.3.3.2 2018-11 1
H1N1 Italy 1A.3.3.2 2019-02 1
H1N1 Italy 1A.3.3.2 2019-03 2
H1N2 United States | 1A.3.3.2 2019-07 1
H1N1 United States | 1A.3.3.2 2019-08 3
H1N1 United States | 1A.3.3.2 2019-09 1
H1N1 United States | 1A.3.3.2 2019-10 1
H1N1 United States | 1A.3.3.3 2019-07 4
H1N1 United States | 1A.3.3.3 2019-08 9
H1N2 United States | 1A.3.3.3 2019-08 1

H1N1 United States | 1A.3.3.3 2019-09 28
H1N1 United States | 1A.3.3.3 2019-10 26
H1N2 United States | 1A.3.3.3 2019-10 1
H1N2 Italy 1B.1.2.2 2019-01 1
H1N2 Italy 1B.1.2.2 2019-02 2
H1N2 Italy 1B.1.2.2 2019-04 3
H1N2 Italy 1B.1.2.2 2019-05 2
H1N2 Italy 1B.1.2.2 2019-06 2
H1N2 Italy 1B.1.2.2 2019-07 1
H1N2 Italy 1B.1.2.2 2019-10 1
H1N2 United States 1B.2.1 2019-07 14
H1N1 United States 1B.2.1 2019-08 1
H1N2 United States 1B.2.1 2019-08 11
H1N2 United States 1B.2.1 2019-09 18
H1N2 United States 1B.2.1 2019-10 16

H1N2 United States | 1B.2.2.1 2019-07

-—
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H1N2 United States | 1B.2.2.1 2019-08 2
H1N2 United States | 1B.2.2.1 2019-09 3
H1N2 United States | 1B.2.2.1 2019-10 4
H1N2 United States | 1B.2.2.2 2019-07 2
H1N2 United States | 1B.2.2.2 2019-08 4
H1N2 United States | 1B.2.2.2 2019-09 3
H1N1 United States | 1B.2.2.2 2019-10 1
H1N2 United States | 1B.2.2.2 2019-10 2
H1N2 Denmark 1C.2 2017-11 9
H1N2 Denmark 1C.2 2017-12 11
H1N1 Italy 1C.2 2019-01 2
H1N2 Italy 1C.2 2019-01 3
H1N1 Italy 1C.2 2019-02 3
H1N2 Italy 1C.2 2019-02 2
H1N1 Italy 1C.2 2019-03 1
H1N2 Italy 1C.2 2019-03 2
H1N2 Italy 1C.2 2019-08 1
H1N2 Italy 1C.2 2019-10 1
H1N1 Italy 1C.2.1 2019-01 4
H1N1 Italy 1C.2.1 2019-02 1
H1N1 Italy 1C.2.1 2019-03 1
H1N2 Italy 1C.2.1 2019-03 1
H1N1 Italy 1C.2.1 2019-05 2
H1N1 Italy 1C.2.1 2019-06 1
H1N1 Italy 1C.2.2 2019-01 1
H1N2 Italy 1C.2.2 2019-05 1
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Table A2. Summary of swine H3 clades by country and month of collection.

Subtype Country Clade Year-Month | Count
H3N2 Italy 3.1970.1 2019-01 2
H3N1 Italy 3.1970.1 2019-02 1
H3N2 Italy 3.1970.1 2019-02 3
H3N2 Italy 3.1970.1 2019-03 5
H3N2 Italy 3.1970.1 2019-04 2
H3N2 Italy 3.1970.1 2019-05 1
H3N2 Italy 3.1970.1 2019-06 2
H3N2 Italy 3.1970.1 2019-07 1
H3N2 | United States | 3.1990.1 2019-09 2
H3N2 | United States | 3.1990.4.a 2019-07 4
H3N2 | United States | 3.1990.4.a 2019-08 6
H3N2 | United States | 3.1990.4.a 2019-09 10
H3N2 | United States | 3.1990.4.a 2019-10 11
H3N2 | United States | 3.1990.4.b 2019-08 1
H3N2 | United States | 3.1990.4.i 2019-10 1
H3N2 | United States | 3.2010.1 2019-07 12
H3N2 | United States | 3.2010.1 2019-08 5
H3N2 | United States | 3.2010.1 2019-09 20
H3N2 | United States | 3.2010.1 2019-10 17
H3N2 | United States | 3.2010.2 2019-07 1
H3N2 United States Human 2019-08 1

OFFLU report
February 2020 WHO Vaccine Composition Meeting





