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We report the characterization of a novel reassortant influ-
enza A(H1N2) virus not previously reported in humans. Re-
covered from a a pig farm worker in southeast Brazil who
had influenza-like illness, this virus is a triple reassortant
containing gene segments from subtypes H1N2 (hemagglu-
tinin), H3N2 (neuraminidase), and pandemic H1N1 (remain-
ing genes).

nfluenza A(HIN2) viruses have been described in hu-

man, avian, and especially swine populations over many
years (/,2). In contrast to the widespread circulation of sea-
sonal HIN1 and H3N2 viruses, subtype HIN2 has been ob-
served only sporadically in humans (/,3—7). Human HIN2
infections were reported during 1988-89 from sporadic
cases over the winter in China (3). In 2000, another HIN2
subtype strain emerged in the human population and be-
came widespread in Europe, with sporadic cases reported
in the Middle East, Asia, Africa, and the Americas dur-
ing 2001-2003 (/,4). In Brazil, this HIN2 subtype strain
was detected in humans in the southeast region during the
winter of 2002 and in the northern region at the beginning
of 2003 (5). This 2000-2003 HIN2 subtype strain had a
genetic origin similar to the 1988—1989 HIN2 strain from
China, both reassortants between human seasonal HIN1
and H3N2 subtype lineages (3,4).

In contrast, sporadic cases of zoonotic human infec-
tions with swine-origin HIN2 subtype variants (HIN2v)
have also been described (6,7). In Brazil, the passive moni-
toring of influenza A viruses in pigs has taken place since
2009 (8). Recently, a phylogenetic study revealed that
HI1N2 subtype viruses have circulated undetected in swine
herds in Brazil for more than a decade, and reassortments
may have occurred (9). These viruses seem to be reas-
sortants originating from an ancestor virus introduced to
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pigs from humans in the late 1990s and early 2000s and
remained as a relic from a now-extinct human-host hemag-
glutinin lineage. However, after the emergence in humans
of influenza A(HIN1)pdm09 in 2009, reassortment events
lead to HIN2 viruses acquiring internal genes segments
from the pandemic strain (9).

Even though these HIN2 subtype strains from Brazil
circulating in the swine population, they have not been de-
tected in humans. We report detection and characterization
of a variant HIN2 subtype strain (HIN2v) with a genomic
origin not previously reported in humans.

This virus was identified from a nasopharyngeal aspi-
rate collected on November 26, 2015, from a 16-year-old
girl from a rural area in Castro City, Parana, in the southern
region of Brazil. Castro has 67,000 inhabitants and is a
major livestock hub for dairy cattle, poultry, and pigs. The
patient did not present any risk factors for influenza but
showed development of an influenza-like illness with an
onset of symptoms (fever, cough, sore throat, chest pain,
and myalgia) on November 23, 2015. The follow-up local
investigation reported that she had been working at a swine
farm and confirmed direct patient contact with pigs. She
had not received a prior influenza vaccine or antiviral treat-
ment, and her clinical recovery was uneventful.

The virus sample was sent to the Central Laboratory of
the State of Parana, where an influenza A virus strain was
detected. This strain could not be further subtyped using
the influenza real-time reverse transcription PCR protocol
recommended by the World Health Organization.

Genomic Sanger sequencing of the strain was con-
ducted at the National Influenza Center, IOC, FIOCRUZ,
Rio de Janeiro, Brazil. BLAST (https://blast.ncbi.nlm.nih.
gov/Blast.cgi) was performed for each gene segment se-
quenced and revealed strong identity with an HIN2 virus
subtype genome detected in swine in Santa Catarina, a state
in southern Brazil, in 2011 (Table). The human viruses with
closest identity to the HIN2v virus detected in this study
were a 2003 HIN2 subtype human lineage (hemagglutinin
gene), a 1998 H3N2 subtype human seasonal lineage (neur-
aminidase gene), and A(HIN1)pdm09 subtype lineage for
all other genes. This virus isolate was designated as influ-
enza A/Parana/720/2015(H1N2v); the genome sequence is
available in the GISAID database (http://platform.gisaid.
org; submission no. EPI ISL 223342).

We conducted phylogenetic reconstructions of each
gene segment by the maximum-likelihood method us-
ing a dataset with all HIN2 subtype sequences and some
representative sequences for HIN1 and H3N2 subtypes
available in influenza genetic databases (online Techni-
cal Appendix, http://wwwnc.cdc.gov/EID/article/23/1/16-
1122-Techappl.pdf). Our analysis revealed that each gene
segment of A/Parana/720/2015(H1N2v) had the same phy-
logenetic profile as recent swine HIN2 subtype sequences
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Table. Highest degree of gene identity of the influenza
A/Parana/720/2015 (H1N2)v subtype strain identified from a
patient in Brazil with other swine and human strains*

Gene

segment BLAST hitst % |dentity
PB2 A/swine/Brazil/185-11-7/2011(H1N2) 98
A/San Diego/INS194/2009(H1N1) 98
PB1 A/swine/Brazil/185-11-7/2011(H1N2) 99
A/Singapore/GN285/2009(H1N1) 98
PA Al/swine/Brazil/185-11-7/2011(H1N2) 98
A/Texas/67/2009(H1N1) 98
HA Al/swine/Brazil/185-11-7/2011(H1N2) 97
A/New York/487/2003(H1N2) 95
NP A/swine/Brazil/185-11-7/2011(H1N2) 99
A/Tennessee/F1057c56/2010(H1N1) 98
NA Al/swine/Brazil/185-11-7/2011(H1N2) 97
A/Malaysia/17392/1998(H3N2) 93
M Al/swine/Brazil/185-11-7/2011(H1N2) 99
A/Mexico City/INER16/2009(H1N1) 99
NS A/swine/Brazil/185-11-7/2011(H1N2) 98
A/Singapore/TT454/2010(H1N1) 98

*Sequence submitted to GISAID (http://platform.gisaid.org; submission no.
EPI_ISL_223342). HA, hemagglutinin gene; M, matrix gene; NA,
neuraminidase gene, NP, nucleoprotein gene; NS, nonstructural protein
gene; PB2, polymerase basic 2 gene; PB1, polymerase basic gene; PA,
polymerase acid gene.

tSequence with major identity on BLAST.

from Brazil. This supports the BLAST findings and sug-
gests a recent swine—human infection by the HIN2v strain.
Because similar swine strains have been identified in pigs
~300 km distant from where the human case occurred (9),
the virus is likely to have been circulating in pigs in Castro
City. The HIN2v subtype we report contained the S31IN
marker in the matrix 2 protein, which confers resistance to
the adamantane antiviral class, similar to A(HIN1)pdm09
viruses (10).

To date, no further HIN2 subtype human cases have
been detected in Brazil; however, influenza virus strains
from this region and period are under investigation to
confirm whether more HIN2v subtype cases may have
occurred. This report highlights the need for influenza
surveillance in humans and animals, as well as in their
interface, especially during influenza season when trans-
mission is high. To ensure early detection, surveillance
should focus on geographic areas when influenza A virus-
es subtypes co-circulate and where human—animal contact
is frequent.
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To investigate an outbreak of avian pox in psittacines in a
conservation facility, we examined 94 birds of 10 psittacine
species, including sick and healthy birds. We found psitta-
cine pox virus in 23 of 27 sick birds and 4 of 67 healthy
birds. Further characterization is needed for these isolates.

Avian pox is caused by avipoxvirus. Infections occur
worldwide in domestic and wild avian species (/),
are suggested to be host family- or order-specific, and are
modulated by habitat and ecologic niche (2). Avipoxviruses
have been described in Brazilian Amazona spp. and Pio-
nus spp. parrots with severe diphtheritic upper digestive
lesions, experimentally causing the formation of cutane-
ous lesions in chickens; chicken and parrot strains will not
provide cross protection (3). The presumptive diagnosis,
based on typical pocklike skin lesions of papular or nodular
hyperplasic and hypertrophic skin foci or upper digestive
diphtheritic form in severe cases (/), may be confirmed by
detection of avipoxvirus DNA by PCR (4).

In June 2015, an outbreak of avian pox occurred
among 10 species of native Brazilian psittacines (n = 94)
maintained in a conservation facility. In addition to the
typical pocklike nodular skin lesions, the psittacines had
weight loss and reduced activity; 3 died. The outbreak
lasted 3 months; remission of lesions occurred within ~3
weeks in each bird.

Skin scrapings were collected from the cutaneous le-
sions of affected birds (online Technical Appendix Fig-
ure 1, http://wwwnc.cdc.gov/ElD/article/23/1/16-1133-
Techappl.pdf), and conjunctiva and cloaca swabs were
collected from all 94 psittacines showing cutaneous lesions
(27 birds) or not (67 birds). Skin samples treated with an an-
tibacterial-antimycotic drug mixture (Gibco; Thermo Fish-
er Scientific, Waltham, MA, USA) were inoculated onto
the chorioallantoic membrane (CAM) of 10-day-old spe-
cific pathogen—free chicken embryos and typical pocklike
CAM lesions were obtained (online Technical Appendix
Figure 2). Cutaneous samples and the CAM of inoculated
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Technical Appendix

Technical Appendix Figure (following pages). Maximume-likelihood (ML) trees of each gene segment
(PB2, polymerase basic 2 gene; PB1, polymerase basic gene; PA, polymerase acid gene; HA,
hemagglutinin gene; NP, nucleoprotein gene; NA, neuraminidase gene, M, matrix gene; NS, non-
structural protein gene) were performed to reconstruct the phylogenetic profile of influenza
A/Parana/720/2015 (H1N2)v (Figure, red). The dataset used includes H1N1 (orange) and H3N2 (blue)
seasonal and HIN1pdmO09 (pink) vaccine strains and all HIN2 whole genomes available in GenBank or
the Global Initiative on Sharing All Influenza Data. The H1N2 subtype strains were classified as Brazilian
swine H1N2 (green), worldwide swine and avian (black), human H1N2 and swine-origin HIN2v strains
(purple). The Hasegawa-Kishino-Yano + gamma distribution among the sites was the best-fitting
nucleotide substitution model and was used to reconstruct the trees. ML reliability of branches was

evaluated using an approximate likelihood ratio test; the interior support branch cutoff value was =0.9.
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[l KR700669_A/swine/England/142162/2010_H1N2_12
L KR700701_A/swine/England/11448/2011_H1N2_01

_H1N2_05
|UF290389_A/swine/England/1382/2010_ mnz_u
2_09
e ¥ 3_HINZ_09
» ¥ _H1N2_02
1/2012_H1IN2

409/2012_H1N2_12
. }—CY195237_A/swine/Manitoba/D0338/2014_H1N2_06
2_H1N2_08

CY158199_ ¢ _H1N2_07
CV15§321 )_H1IN2_01
CY158855_A/swine/Kansas/00246/2004_H1N2_02

'CY159167_A/swine/Oklahoma/00259/2004_H1N2_03

|———CY158455_A/swine/Colorado/02875/2009_H1N2_07
CY158045_A/swine/Oklahoma/01741/2007_H1N2_08
CY158037_A/swine/Texas/01492/2007_H1N2_03
CY157925_A/swine/Texas/SG1250/2008_H1N2_06
-AY233388_A/duck/NC/91347/01_H1N2

_HINZ
s Human H1N2 (2000-2003) CY036908_A/Shandong/8/1983_HIN2_VAC
: CY017121_A/New_YorkiC1/2003_H1N2
s Human seasonal H3N2 lineage CY002158_A/New_York/296/2003_H1N2_02
) . 3 |CY002662_A/New_Yorki29412003_H1N2_01
Avian — North American lineage CY006409_A/New_York/480/2003_H1N2_01
HINZ

CY002638_A/New_York/231/2003_H1N2_03
CY003374_A/New_York/217/2002_H1N2_12
CY002366_A/New_York/300/2003_H1N2_01
CY006873_A/New_York/211/2003_H1N2_01
ICY006753_A/New_York/225/2003_H1N2_01
CY003678_A/New. Yorkl‘BZIZMS_HHﬂ o1
A JQ340007_A/Eastern_India/N-1289/2008_H1N2_08
Y006417_A/New_ _H1N2_02
ICY010082_A/New_Y )_H1N2_04
CY003767_A/New_York/400/2003_H1N2_03
CY002358_A/New_' _H1N2_02
HCVDOTIOi ANew_’ Vorkll“lma HIN2_01

ICY008401_A/New_York/487/2003_H1N2_01
CY006383_A/New_York/481/2003_H1N2_01
'CY003775_A/New_York/417/2002_H1N2_03
DQ487328_A/Moscow/10/1999_H3N2_VAC
EPI165829_A/Switzerland/8716293/2013_H3N2_VAC
EPI176512_A/Hong_Kong/4801/2014_H3N2_VAC
EPI128744_A/Texas/50/2012_H3N2_VAC
EPI101506_A/Victoria/361/2011_H3N2_VAC
' EPI176456_A/Perth/16/2009_H3N2_VAC
CY035028_A/Brisbane/10/2007_H3N2_VAC
CY034122_A/Wisconsin/67/2005_H3N2_VAC
EPI107711_A/Fujian/d11/2002_H3N2_VAC
[ EPI22628_A/New_York/55/2004_H3N2_VAC
§ EPI113070_A/California/7/2004_H3N2_VAC
leyo12110_AWellington/01/2004_H3N2_VAC
JX138507_A/swine/Zhejiang/01/2008_H1N2_03
—} EPI2674_A/Panamal2007/1999_H3N2_VAC
_H1N2_01
HIN2

DQS08831_A/Beijing/353/1989_H3N2_VAC

L cv033612_A/Beijing/32/1992_H3N2_VAC

DQS08847_A/Leningrad/360/1986_HIN2_VAC

CY085974_A/Philippines/2/1882_H3N2_VAC

DQ508823_A/Bangkok/1/1979_H3N2_VAC

CY009354_A/Port_Chalmers/1/1873_H3N2_VAC
Avian
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H1N1pdm09 vaccine strain
Swine and avian HI1N2 strains
Brazil swine H1N2 cases
Brazil human H1N2v case

AlParanal720/2015
H1N2v

s Human H1N2 (2000-2003)

I Human seasonal H3N2 lineage
Avian — North American lineage

KC631919_A/swine/GarrelIDT14891/2012_H1N2_02
_A T 2_H1N2_02
KC631911_A/swine/Moeglingen/IDT14859/2012_H1N2_02
KC222547_A/swine/Wettringen/IDT13795/2011_H1N2_08

)} 1048/2011_

KC222603_A/swine/Altenberge/IDT14252/2011_H1N2_11
KC631895_A/swine/Albersloh/IDT14635-1/2012_H1N2_01

3_ reren/IDT13837-2/2011_H1N2_08
KC222555_A/swine/Freren/IDT13837-1/2011_H1N2_08
KC222539_A/swine/Ankum-Stockum/IDT13531/2011_H1N2_06
KC222571_A/swine/Althausen/IDT14031/2011_H1N2_10

_ T 1_HIN2_11
KC222579_A/swine/Duelmen/iDT14128/2011_H1N2_10
. T 2_HIN2_03
T _HINZ_11

KR700412_A/swine/England/041118/2013_H1N2_01
4~ KR700790_A/swine/England/61470/2013_H1N2_05
“* KR700758_A/swine/England/024924/2012_H1N2_08
KR700750_A/swine/England/30148/2012_H1N2_10
KR700694_ 1_H1N2_08
KR700742_A/swine/England/7800/2012_H1N2_02
KR699859_A/swine/England/058879/2011_H1N2_05
- KR700710_A/swine/England/112340/2011_H1N2_10
1380/2011_H1N2_11

i 772013_HIN2_01
1 Fmoosm_mwmu&mmm 6212010_H1N2_12
KR700702_A/swine/England/11449/2011_H1N2_01
H— KR700798_A/swine/England/61025/2013_H1N2_05
- ¥ )_H1N2_09
JF290390_A/swine/England/1382/2010_H1N2_04
CY158422_A/swine/North_Carolina/SG1360/2010_H1N2_04
FJ969539_A/Callfornia/07/2009_H1N1_VAC
KMS507526_A/swine/Brazil232-11-13/2011_H1N2_08
Ewpn/mrzm 5_HINZ_PA
KMS507518_A/swine/Brazil185-11-7/2011_H1N2_07
- KF680287_A/swine/Brazi31_11_3/2011_H1N2_02
- CY075863_ CIPOS1 _H1N2_05
’ ‘ixPonsaa,wswme/srazmezm/zon,muz,os

" LKP027592_A/swine/BrazilG2P2/2013_H1N2_06
CY195236_A/swine/Manitoba/D0338/2014_H1N2_06
- KF572615_A/wild_boar/Brazil/214-11-13D/2011_H1N2_07

B
o

11/2011_HIN2_11

- KC222619_A/swine/Tomnitz/IDT14598/2012_H1N2_01

.1 KJ729256_A/swine/Guangxi/325/2012_H1N2_11
KJ729264_Alswine/Zhejiang/d3/2012_HIN2_11

A 2_HIN2_02

) -1/2012_H1N2
E 409/2012_H1N2_12

AB914499_A/swine/Chiba/119/2012_H1N2_10

- CY086879_A/swine/indiana/24-0218/2010_H1N2_02
CY158406_, _C: 357/2010_H1N2_01
{_._|KUS7S779_NMHIHO)dcuIAVX4!I201 3_H1N2_03

3_H1N2_09

. 3_HIN2_03

» KC222627_A/swine/GarrelIDT14844/2012_H1N2_02
KR700500_A/swine/Netherlands/Asten-263/2011_H1N2_05

— KR701072_ 3_H1N2_06
KR701064_A/swine/England/072512/2013_H1N2_09
KR700492_A/swine/England/038712/2012_H1N2_12
KM027582_A/swine/Guangdong/3196/2011_H1N2_09
2_HIN2_02

. 3_H1N2_06
AB914491_A/swine/Chiba/107/2012_H1N2_08

AB914483_A/swine/Chiba/14/2012_H1N2_01
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HA

H1N1 vaccine strains

Swine and avian H1N2 strains
Brazil swine HIN2 cases
Brazil human H1N2v case
Human H1N2 cases

A/Paranal/720/2015
H1N2v

s Human H1N2 (2000-2003)
s Human seasonal H3N2 lineage
Avian — North American lineage

I Classical swine HIN1 — North American lineage

~A/BeljIng/z HIN1_VAC

a/20/1998_H1N1_VAC

— Alswine/Zhejiang/01/2008_03
s l— Alswine/Mexico/AVX61/2013_09
Alswine/Mexico/AVX49/2013_03
Alswine/Mexico/AVX50/2013_03
A/Brisbane/59/2007_H1N1_VAC
— A/swine/North_Carolina/02249/2008_07
A/Michigan/09/2007_08
'swine/Kentucky/02573/2009_02
Alswine/Kentucky/02564/2009_01
Alswine/South_Dakota/152B/2009_09
Alswine/Missouri/SG1343/2009_09
Alswine/Arkansas/02927/2009_12
— Alswine/North_Carolina/SG1335/2009_01
AJswine/North_Carolina/SG1389/2011_03
.jA/swine/Ohio/A01279763/2012_12
AJswine/Ohio/A01349140/2013
'swine/Ohio/13TOSU0558/2013_06
L. | 'A/swine/Ohio/13TOSU0554/2013_06
[Alswine/North_Carolina/SG1359/2010_02
L 'swine/North_Carolina/226126/2010_09
o 'A/swine/North_C. ina/226124/2010_09
— A/swine/North_Carolina/SG1365/2010_10
— A/swine/Virginia/SG1386/2011_11
I~ Alswine/North_Carolina/SG1394/2011_09
‘I A/swine/North_Carolina/SG1357/2010_01
. A/swine/North_Carolina/SG1388/2011_03
‘Alswine/North_Carolina/SG1360/2010_04
Alswine/Mexico/AVX4/2011_03
Alswine/Mexico/AVX16/2012_04
Alswine/Mexico/AVX18/2012_03
Alswine/Mexico/AVX7/2011_03
'swine/Mexico/AVX8/2011_03
‘Alswine/Mexico/AVX17/2012_03
JJA/New_York/417/2002_03
, (Alwild_boar/Brazil/214-11-13D/2011_07
Alswine/Brazil/31_11_3/2011_02
’ (A/New_York/481/2003_01
A/New_York/489/2003_01
A/New_York/487/2003_01
[-AlswineIBraziIH 85-11-7/2011_07
: A/BrazilPR/720/2015_
§ ‘F Alswine/Brazil/232-11-13/2011_08
T. jAlswine/Brazil/G2P2/2013_06
Alswine/Brazil/G2P1/2013_06
A/swine/Argentina/CIP051-StaFeN2/2010_05
A/New_York/231/2003_03
- A/swine/Ontario/52156/03
9 A/New_York/492/2003_02
A/New_York/211/2003_01
TAINew_Yorkl300/2003_01

\/New_Caledo

‘Ta/New_York/c1/2003
A/New_York/209/2003_02
A/New_York/294/2003_01
4 New_York/482/2003_01
A/New_York/225/2003_01
A/New_York/217/2002_12
A/New_York/296/2003_02
A/New_York/490/2003_01
JA/New_York/400/2003_03
A/New_York/229/2003_04
,(A/swine/Ontario/55383/04
A/swine/Ontario/48235/04
[—— A/swine/Colorado/02875/2009_07
—— A/swine/Texas/008648/2008
. (A/swine/Minnesota/01604/2007_05
Y arswinenowa/sG1290/2007_o4
Alswine/Oklahoma/01741/2007_08
Alswine/Oklahoma/A01203865/2012_09
Alswine/Texas/SG1250/2006_06
Alswine/Texas/01492/2007_03
. Human Seasonal lineage
Human | H1 lineage (only

&

‘—A/Chile/1/1883_H1N1_VAC
H1IN1_VAC
H1N1_VAC

A/Brazil/11/197

Swine H1

abeaul| |H [euosess uewnH

s : Swine H1 EJraslan lineage
: Avian H1 lineage

I'—"-‘Avlan H1 Eurasian lineage
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H1N1pdm09 vaccine strain
Swine and avian H1N2 strains
Brazil swine H1N2 cases
Brazil human H1N2v case

A/Paranal/720/2015
H1N2v

s Human H1N2 (2000-2003)
s Human seasonal H3N2 lineage
Avian — North American lineage

I Classical swine HIN1 — North American lineage

[Swine Triple Reassortant NP

KM028160_ 11_HIN2_10
CY168042_A/swine/Oklahoma/01741/2007_H1N2_08
CY045584_A/swine/Texas/008648/2008_H1N2

CY158108_A/swine/Minnesota/01604/2007_H1N2_05

<

'Y159452_) 2009_H1N2_07
CY098493_A/swine/Minnesota/5763/2003_H1N2

CY098469_A/swine/Minnesota/1192/2001_H1N2

AY233394_A/duck/NC/91347/01_H1N2

EPI29768_A/swine/Hong_Kong/78/2003_01

112012__H1N2_01
[ KR700760_A/swine/England/024824/2012_H1N2_08
14_A 1118/2013_H1N2_01

KR700792_A/swine/England/61470/2013_H1N2_06
KR700752_A/swine/England/30148/2012_H1N2_10
KR700744_A/swine/England/7800/2012_H1N2_02
KR700696_A/swine/England/80276/2011_H1N2_08
9/2011_H1N2_05
KR700712_A/swine/England/112340/2011_H1N2_10
| KR700688_A/swine/England/1380/2011_H1N2_11
— KU976619_A/swine/Mexico/AVX56/2013_H1N2_06
I{—Namurmzorzm5,H1Nz,~v

KM507520_A/swine/Brazil/185-11-7/2011_H1N2_07
KMS507527_A/swine/Brazil/232-11-13/2011_H1N2_08

- KM027584_A/swine/Guangdong/3196/2011_H1N2_08

o 0781_A/swine/Texas/13TOSU6273/2013_H1N2_10

KJ640252 Texas/13TO! _H1N2_10
K'I'313m Alswine/Texas/A01410206/2014_H1N2_01
KU229964_, 15_H1N2_11

KJB40741_A/swine/Ohio/13TOSU0888/2013_H1N2_07

'Y158492_A/swine/Arkansas/SG1378/2011_H1N2_06
'CY158500_A/swine/Arkansas/SG1383/2011_H1N2_09
CY158572_A/swine/indiana/04254/2011_H1N2_03
[CY158556_ 1391/2011_H1N2_03
JCY158476_ Nswlnolhk-nuslsﬁi 376/2011_H1N2_01
I KC951186_A/swine/Ohio/A01116889/2011_H1N2_11
'-CY158588_A/swine/Minnesota/SG1402/2011_H1N2_10
}—~AB914501_A/swine/Chiba/118/2012_H1N2_10

KU177214_Alswine/Zhejiang/SW64/2014_H1N2_02
181097_ 052-41/2012_02

JePi181098_ 052-48/2012_02
EPI181100_ 052-96/2012_02
KJ161855_A/swine/South_Dakota/A01349341/2013_H1N2_03

. {KPOZ7586_Alswine/BraziliG2p1/2013_HIN2_06
KP027594_A/swine/Brazil/G2P2/2013_H1N2_06

13_H1N2_06

\_C: 124/2010_H1N2_09

X 126/2010_H1N2_09

F 7/2013_H1N2_01

R700672_A/swine/England/142162/2010_H1N2_12
KR700704_A/swine/England/11448/2011_H1N2_01
[—KR700800_A/swine/England/6102512013_H1N2_05
1382/2010_H1N2_04

8/2010_H1N2_09
¥ 1_HIN2_0§
L CY075865_ 10_H1N2_05
KF572617_A/wild_boar/Brazil/214-11-13D/2011_H1N2_07
.4KJ729259_A/swine/Guangxi/326/2012_H1N2_11
KJ729267_Alswine/Zhejiang/43/2012_H1N2_11
12_H1N2_02
AB914493_A/swine/Chiba/107/2012_H1N2_08

KR701074_A/swine/England/063782/2013_H1N2_06
KR701066_A/swine/England/072512/2013_H1N2_09
KR700484_A/swine/England/038712/2012_H1N2_12
i._1Kun7c7u_l:um|rwm-mou\vxmzm 3_HINZ_03

9. 1/2013_H1N2_09

L 13_H1N2_03
rEmu_mmmxom1m11 HIN2_08
T 12_H1N2_02
KMO027648_A/swine/Guangdong/3584/2011_H1N2_10
KMO027640_A/swine/Guangdong/3583/2011_H1N2_10
14 KM027656_A/swine/Guangdong/3676/2011_H1N2_11
[ ¥ 11_H1N2_10
- T 12_H1N2_01
—muoome Alswine/Denmark/10802- 1/2012_HIN2
‘f~KF880288_A/swine/Brazili31_11_3/2011_H1N2_02

KR700510_ 2_HINZ_12
KM185789_ [Texas/13TOSL 13_H1N2_02
_|-KM029144_A/swine/Hong_Kong/NS26/2012_H1N2_01
— EPI181099 _ 052-71/2012_02

FJ969536_A/California/07/2009_H1N1_VAC

KU976515_A/swine/Mexico/AVX16/2012_H1N2_04
KU976927_A/swine/Mexico/AVX4/2011_H1N2_03

Alswil I_HIN2

Loozaozoo Alswine/Ontario/56383/04_H1N2

1/2004_H1N2

12/2007_H1N2_* kT
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H3N2 vaccine strains

Swine and avian H1N2 strains
Brazil swine H1N2 cases
Brazil human H1N2v case
Human H1N2 cases

A/Paranal/720/2015
H1N2v

s Human H1N2 (2000-2003)
s Human seasonal H3N2 lineage
Avian — North American lineage

I Classical swine HIN1 — North American lineage

r A/New_York/229/2003_04
A/New_York/400/2003_03
A/New_York/296/2003_02
[A/New_York/482/2003_01
A/New_York/225/2003_01
A/New_York/209/2003_02
A/New_York/300/2003_01
A/New_York/231/2003_03
A/New_York/294/2003_01
A/New_York/C1/2003
A/New_York/489/2003_01
| :4A/New_York/487/2003_01
A/New_York/481/2003_01
A/New_York/417/2002_03
[A/New_York/211/2003_01
A/New_York/490/2003_01
A/New_York/217/2002_12
A/New_York/492/2003_02
—Alswine/Ontario/52156/03

L A/Eastern_India/N-1289/2009_08
L AlMoscow/10/1899_H3N2_VAC
- Alswine/Zhejiang/01/2008_03

AlTexas/50/2012_H3N2_VAC
AlVictoria/361/2011_H3N2_VAC
A/Perth/16/2009_H3N2_VAC
A/Brisbane/10/2007_H3N2_VAC

o= A/Wisconsin/67/2005_H3N2_VAC
A/New_York/556/2004_H3N2_VAC
—A/California/7/2004_H3N2_VAC

Swine triple reassortant N2

A CIP051-StaFeN2/2010_05

A/Hong_Kong/4801/2014_H3N2_VAC
AlSwitzerland/9715293/2013_H3N2_VAC

_r A/Wellington/01/2004_H3N2_VAC
AlFujian/411/2002_H3N2_VAC

12_01

— A/BrazilPR/720/2015_NA
== I A/swine/Brazil/185-11-7/2011_07
Alswine/Brazil/232-11-13/2011_08
Alswine/Brazil/G2P1/2013_06

Alswine/Brazil/G2P2/2013_06
— A/Panama/2007/1999_H3N2_VAC

6/2009_12
[:{NsudnthxlcnlAvxlmﬁ_o:

M /X61/2013_09
L rexicolA 03

A 10_02

10_02

Alswine/Guangdong/617/2010_02

A 10_02

—|_Alswlnd0ulngdongl028m1 0_02
Alswine/Hong_Kong/NS26/2012_01

[,—wazmu-ngmzou

Alswine/Hong_Kong/1382/2003_10

— A/swine/Hong_Kong/NS915/2004_10

" +— Alswine/Tianjin/1/2007_12

Tl A/swine/Hong_Kong/1763/2003_12

Alswine/Hong_Kong/554/2003_04

L A/swine/Hong_Kong/1248/2002_09

“A/swine/Hong_Kong/NS13/2002_01

A /Hong_Kong/1 }_08

FNswlntIHong_Kongmsmooa_W

A g_Kong/NST: 08

A rel/IDT1 12_02
Alswine/M

56/2013_06

L A/Shandong/9/1993_H3N2_VAC

A/Beijing/353/1989_H3N2_VAC
AlBeijing/32/1992_H3N2_VAC
AlLeningrad/360/1986_H3N2_VAC
A/Bangkok/1/1979_H3N2_VAC
A/Philippines/2/1982_H3N2_VAC
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H1N1pdm09 vaccine strain
Swine and avian H1N2 strains
Brazil swine H1N2 cases
Brazil human H1IN2v case

A/Paranal/720/2015
H1N2v

s Human H1N2 (2000-2003)
s Human seasonal H3N2 lineage
Avian — North American lineage
I Classical swine HIN1 — North American lineage
BN Eurasian swine lineage

CY195264 X
J640858. \ HIN2_07
'fFJ969537_A/California/07/2008_HIN1_VAC

2 0624112012_02
{epi1e1100_ 05: 02
{|KM028242_A/swine/Guangxi/3212/2011_H1N2_11

_Alswine/Guang;
[KM028250_A/swine/Guangxi/3216/2011_| mnz 1"
KM028266_A/swine/Guangxi/a234/2011_H1N2_11

)_HIN2_0§
112011_HIN2_11
1_HINZ_10
1_HIN2_10
1_HINZ_10

g/ 1_HIN2_10
1_HIN2_10

g 1_HIN2_10

SOSEREE Ty iyt
:
0

(KM028922 wnwm‘mn HINZ_10

z
El
3

z
H

E
3
o

qKPUZTSM_N‘W"\!IB'NXI|IG2P|1‘201 3_N|N2_06
KP0O27596_A/swine/Brazil/G2P2/2013_H1N2_06
¥ _H1N2_03
[ KF680289_A/swine/Brazil/31_11_3/2011_H1N2_02
. _HINZ_02
)_HINZ_02

_HIN2_03

.4KT827875_Alswine/Ohio/14TOSU2376412014_H1NZ

'KT827997_Alswine/Ohio/14TOSU23771/2014_HINZ

i | _HIN2_07

2_HIN2_01

|4 ABS14495_A/swine/Chiba/107/2012_H1N2_08

{AB914503_A/swine/Chiba/119/2012_HIN2_10

KR700108_A/swine/Denmark/10802-1/2012_H1N2

KMS507522_A/swine/Brazil/1856-11.7/2011_H1N2_07
A/BrazilPR/7T20/2015_H1N2_M

KMSO7§28 Aswine/Brazil/232-11-13/2011_H1N2_08

168480_A/swine/Arkansas/SG1378/2011_H1N2_06

-CY168498_A/swine/Arkansas/SG1383/2011_H1N2_08
116889/2011_} Nllﬂ "

[CY168664_/ vanlm Carolina/SG1391/2011_H1N2_03
CY168474_A/swine/Arkansas/SG1376/2011_H1N2_01
'CY168570_A/swine/Indiana/04264/2011_H1N2_03
g )_A/swine/Texas/13TOSU6273/2013_HIN2_10
1 KJ640264_A/swine/Texas/13TOSUB276/2013_HIN2_10

"

H-CY1! uw_mumlnmtm 1_H1 "2_10

CY168418_A/swine/North_Carolina/SG1360/2010_H1N2_04
KF572618_Awild_boar/Brazili214-11-130/2011_H1IN2_07

. _HINZ_02

|- AB914487_A/swine/Chiba/14/2012_H1N2_01
40912012_HINZ_12
1_H1N2_08

- AB731588_Alswine/Gunmal1/2012__H1N2_01

062-71/2012_02
- KR700496_ NMNEIWMM’HZRMZ Nﬂﬂ 12

KUS76850_Alswine/Mexico/AVXSS/2013_HIN2_06_

X )_H1N2_09

X )_H1N2_09
)_HIN2_12
CY158402_Alswine/North_Carolina/SG1367/2010_H1N2_01

KJ728263_A/swine/Guangxi/326/2012_HIN2_11
KJ7W71_NMWWWI HIN2_11
4 )_H1N2_02

— KU177216_/ m jiang/SW84/2014_H1N2_02
__{KUI'I“‘Z Aswine/Mexico/AVX49/2013_H1N2_03

W _HINZ_09
CY131546_/ 1SW174/2011_H1N2_08
i jl(\ﬂ‘lﬂl Aswine/Henan/PL01/2012_| H“ﬂ 10
JG008088 12010_HIN2_12

miw Aswine/Henan/4/2010_H1N2_12
13756/2011_H1N2_08

‘ (KUS76908_A/swine/Mexico/AVX16/2012_HIN2_04
P 'KUS76496_A/swine/Mexico/AVX4/2011_HIN2_03

[ KRT00480_A/swine/Denmark/10345-1/2012_H1N2_03
. ¥ 391-3/2011_H1N2_06
. 2/2012_H1N2_02
5_HINZ

CV11I.1‘ _HIN2_12
E Alswine/England/1437/2004_HIN2_11
CY116217, _Alswine/England/483/2006_H1N2_05
ine/England/60797)

Lo~ CY116233_A/swil /2000 H1N2_12
CY118271_) _HIN2_02
l—cvum _Alswine/England/645913/1996_H1N2_12

3 CY196232_A/swine/Manitoba/D0338/2014_H1N2_06 —
HIN2_06

{Lcv116162_A/swine/England/40280/1996_H1N2_07
Alswine/En _HINZ_05

cvuun A/mallard/Missouri/1 OMO0253/2010_} H1N2 kY]
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N

H1N1pdm09 vaccine strain
Swine and avian H1N2 strains
Brazil swine H1N2 cases
Brazil human H1IN2v case

A/Paranal/720/2015
H1N2v

s Human H1N2 (2000-2003)
s Human seasonal H3N2 lineage
Avian — North American lineage
I Classical swine HIN1 — North American lineage
BN Eurasian swine lineage

74Swine Triple Reassortant NS

CY098472_A/swine/Minnesota/1192/2001_H1N2

T EPI29768_A/swine/Hong_Kong/78/2003_01

KU976722_A/swine/Mexico/AVX49/2013_H1N2_03
1'KU976522_A/swine/Mexico/AVX61/2013_H1N2_09
‘IKU976866_A/swine/Mexico/AVX50/2013_H1N2_03
KR700513_A/swine/Netherlands/Gladau-409/2012_H1N2_12
CY086884_A/swine/indiana/24-0218/2010_H1N2_02

CY075868_A/swine/Argentina/CIP051-StaFeN2/2010_H1N2_05
J729260_Alswine/Guangxi/325/2012_H1N2_11
KJ729268_A/swine/Zhejiang/43/2012_H1N2_11
KM027811_A/swine/Guangdong/NS548/2012_H1N2_02
AB914488_Alswine/Chiba/14/2012_H1N2_01
KF680290_A/swine/Brazil/31_11_3/2011_H1N2_02

A

KU177217_Alswine/Zhejiang/SW64/2014_H1N2_02
KR700109_A/swine/Denmark/10802-1/2012_H1N2
|KC222624_Alswine/Tomitz/IDT14598/2012_H1N2_01
AB731589_A/swine/Gunma/1/2012__H1N2_01
KMO027635_A/swine/Guangdong/3542/2011_H1N2_10
KM027643_A/swine/Guangdong/3583/2011_H1N2_10
IKM027651_A/swine/Guangdong/3584/2011_H1N2_10
KM027659_A/swine/Guangdong/3676/2011_H1N2_11
[KM029147_AlswinelHong_Kong/NS26/2012_H1N2_01
EPI181099_A H105583-052-71/2012_02
KF572620_A/wild_boar/Brazill214-11-13D/2011_H1N2_07
CY158405_A/swine/North_Carolina/SG1357/2010_H1N2_01
KR700417_A/swine/England/041118/2013_H1N2_01
KR700763_A/swine/England/024924/2012_H1N2_08
| KR700795_A/swine/England/61470/2013_H1N2_05 —
KR700691_A/swine/England/1380/2011_H1N2_11
KR700747_A/swine/England/7800/2012_H1N2_02
[KR700755_A/swine/England/30148/2012_H1N2_10
IKR700715_A/swine/England/112340/2011_H1N2_10
KR700699_A/swine/England/90276/2011_H1N2_08
KR699864_A/swine/England/058879/2011_H1N2_05
KC222632_Alswine/GarrelIDT14844/2012_H1N2_02
FJ969538_A/California/07/2009_H1N1_VAC
FKU976933_A/swine/Mexico/AVX55/2013_H1N2_06
{KR701077_Alswine/England/063782/2013_H1N2_06
KR701069_A/swine/England/072512/2013_H1N2_09
KR700497_A/swine/England/038712/2012_H1N2_12
{KM027587_A/swine/Guangdong/3196/2011_H1N2_09
KM029291_A/swine/Hong_Kong/NS584/2012_H1N2_02
'KM028307_A/swine/Guangxi/NS3269/2011_H1N2_11
EPI181098_A/swine/Chachoengsao/NIAH105583-052-48/2012_02

PI181097_A 1105583-052-41/2012_02
EPI181100_A/swine/Chachoengsao/NIAH105583-052-96/2012_02
A/BrazilPRI720/2015_H1N2_NS
KM507523_A/swine/Brazil/185-11-7/2011_H1N2_07
KP027589_A/swine/BrazillG2P1/2013_H1N2_06
KP027597_Alswine/Brazil/G2P2/2013_H1N2_06
KM507529_Alswine/Brazil/232-11-13/2011_H1N2_08
1CY086892_A/swine/North_Carolina/226124/2010_H1N2_09
CY086908_A/swine/North_Carolina/226126/2010_H1N2_09

N 60WPdLNLH

AB914504_A/swine/Chiba/119/2012_H1N2_10
AB914496_A/swine/Chiba/107/2012_H1N2_08 o

~KM489609_A/swine/Ontario/68/2012_H1N2_10

4| ~AY233390_A/duck/NC/91347/01_H1N2

m _‘00230232 Alswine/Ontario/48235/04_H1N2

DQ280208_A/swine/Ontario/55383/04_H1N2

AB434340 Alswine/Saraburi/NIAH13021/2005_H1N2

Swine
4KF013946_A/Muscovy_duck/Guangxi/GXd-3/2012_H1N2_02
++KF013906_A/sparrow/Guangxi/GXs-1/2012_H1N2_03

-} KF013938_A/duck/Guangxi/GXd-2/2012_H1N2_03
F013922_A/duck/Guangxi/GXd-1/2011_H1N2_02

LC121280_AlduckiMongolia/141/2015_H1N2_08
KJ764744_Alenvironment/Korea/CSM12/2007_H1N2_11
KF013914_Alchicken/Guangxi/GXc-1/2011_H1N2_02

| Lcy179151_Asthick-billed_murre/Alaska/378/1976_H1N2
LCY132273_A/mallard/Ohio/110$2073/2011_H1N2_08
tcvosms_ugreen-wmged_mvcmnommsmooa_mNz_1o
CY076161_A g 120569-004/2007_H1N2_11
ﬁcvwsm |_A/mallard/Mississippi/100S4593/2010_H1N2_12

J CY166246_A/mallard/Wisconsin/110S4104/2011_H1N2_10
CY097199_A/American_green-winged_ teavmlnolsmsuzooe H1IN2_10
CY097442_A/blue-winged_teal/Wisconsin/2509/2009_H1N2_10

| cy136810_Airuddy_tumstone/Delaware_Bay/154/1994_H1N2_05

CY179431_A/mallard/Wisconsin/393/1977_H1N2
CY014905_A/mallard_duck/New_York/170/1982_H1N2_12

Seasonal
Y076145_Alrock_dove/Oregon/20547-003/2007_H1N2_11
-JcY076153_Alrock_dove/Oregon/20547-004/2007_H1N2_11
.1CY133805_A/mallard/Missourii {0MO0253/2010_H1N2_11
-CY136836_A/ruddy_turnstone/Delaware_Bay/181/1994_H1N2_05
CY079520_Alenvironment/indiana/080S3524/2008_H1N2_11
CY180608_A/mallard/Wisconsin/590/1979_H1N2
KF874485_Alwild_waterfowl/Dongting/C2383/2012_H1N2_01
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