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An HIN2 influenza virus was isolated from a pig during an outbreak of respiratory disease and abortion on
an Indiana farm in November 1999. Results of phylogenetic analyses indicate that this virus is a reassortant
between a recent classical H1 swine virus and the reassortant H3N2 viruses that have emerged among

American pigs since 1998.

H3N2 influenza viruses have caused widespread outbreaks
of respiratory disease and, in some cases, abortion among pigs
throughout the major swine production regions of the United
States since 1998. These are reassortant viruses containing
hemagglutinin (HA), neuraminidase (NA), and PB1 polymer-
ase genes of human influenza virus origin; matrix (M), non-
structural (NS), and nucleoprotein (NP) genes of classical
swine virus origin; and PA and PB2 polymerase genes of swine
or avian virus origin (16a, 43). The emergence of these viruses
has been remarkable because, in contrast to Europe and Asia,
where human H3N2 (4, 17, 23, 24, 29, 36, 37) and avian (2, 3,
5,19, 31, 33, 39), influenza viruses have been regularly isolated
from pigs, influenza among American pigs has historically been
due almost exclusively to infection with classical HIN1 swine
influenza viruses (7, 8, 13). We now report the isolation of an
HIN2 influenza virus, A/Swine/Indiana/9K035/99 (Sw/IN/99),
that appears, based upon results of phylogenetic analyses, to be
a second-generation reassortant between one of the recent
reassortant H3N2 viruses and a classical H1 swine influenza
virus.

Influenza-like illness spread throughout the farm of origin of
Sw/IN/99 over a 6-week period, beginning in November 1999.
Clinical signs in the pigs included temperatures up to 40.6°C,
lethargy, lack of appetite, and dyspnea. In addition, 20 of ap-
proximately 600 sows on the farm aborted. This herd had been
assembled for 4 years, but there had been no prior influenza-
like illness and the pigs had not been vaccinated against influ-
enza virus. The Sw/IN/99 virus was isolated in Madin-Darby
canine kidney (MDCK) cells from lung tissue from a sow that
died during the outbreak. The subtype of Sw/IN/99 was deter-
mined to be HIN2 by hemagglutination-inhibition and neura-
minidase-inhibition assays (18) using subtype-monospecific an-
tisera and by reverse transcription (RT)-PCR (see below).
There was no detectable H3 hemagglutination-inhibition or N1
neuraminidase-inhibition activity in the MDCK cell culture
supernatant nor could H3 HA or N1 NA gene sequences be
amplified by RT-PCR.

To genotype Sw/In/99 and understand its evolutionary ori-
gin, the full-length protein coding region sequences of all eight
of its viral RNA segments were determined by cycle sequenc-
ing (ABI Big Dye; PE Applied Biosystems, Foster City, Calif.)
following amplification by RT-PCR. Amplifications were con-
ducted with avian myeloblastosis virus reverse transcriptase
(Promega Corporation, Madison, Wis.) and Pfu polymerase

(Stratagene, La Jolla, Calif.) as suggested by the enzyme sup-
pliers, except that the RT reactions were performed using 1 pg
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of primer per reaction and reaction conditions of 49.5°C for
60 min for the polymerase genes and 48.5°C for 45 min for
the remaining genes. Amplifications of the NA, NP, M, and
NS genes were accomplished by using the SZANA+/—,
SZANP+/—, SZAM+/—, and SZANS+/— primers described
by Zou (44). Amplifications of the HA and polymerase gene
segments were conducted with the following primers: HIHA-
1.1F (5'-AGCAAAAGCAGGGGAAAATAA-3") and HIHA-
1770R (5'-CAAGGGTGTTTTTTCTCATGTCTC-3"); HPA-
1F (5'-AGCAAAAGCAGGTACTGAT-3") and HPA-2202R
(5'-GGATAGCAAATAGTAGCATTGCC-3"); HPB1-5F (5'-
AAAGCAGGCAAACCATTTGAATGGA-3') and HPBI-
2340R (5'-GTAGAAACAAGGCATTTTTTCATG-3'); HPB2-
8F (5'-GCAGGTCAATTATATTGAATATGGAAA-3") and
HPB2-2337R (5'-GAAACAAGGTCGTTTTTAAACTATT
CG-3") (F denotes a forward primer, and R denotes a reverse
primer.) Sequence comparisons to reference viruses were con-
ducted by using DNASTAR software (version 4.0 for Win32).
The phylogenetic relationships of Sw/IN/99 to selected refer-
ence strains were estimated from the nucleotide sequences by
the method of maximum parsimony (PAUP software, v.4.0b2;
David Swofford, Smithsonian Institution) using the tree-bisec-
tion-reconnection branch swapping algorithm and with the
MULTREES option in effect. The sequences of the Sw/IN/99
genes were analyzed in relation to the available reference virus
sequences in GenBank, with the “gaps treated as missing”
PAUP rule in effect.

The genotype of Sw/IN/99 was initially inferred by pairwise
comparisons of each gene segment to the sequences of refer-
ence influenza viruses available in GenBank. Table 1 lists the
reference viruses with the highest level of sequence identity to
Sw/IN/99 for each gene segment. (It is important to note that
to clarify the overall genotype of Sw/IN/99, these analyses
excluded viruses known to have been isolated following inter-
species transmission, as well as the H3N2 reassortant viruses
isolated recently from pigs in the United States [16a, 43].)
These results demonstrate that Sw/IN/99 is a reassortant virus
with HA, M, NS, and NP genes most closely related to genes
from the swine influenza virus lineage, NA and PB1 genes most
closely related to genes from the human influenza virus lin-
eage, and PA and PB2 genes most closely related to genes from
the avian influenza virus lineage. The results of phylogenetic
analyses confirmed this genotype and further indicated that
Sw/IN/99 most likely arose from the reassortment of a classi-
cal H1 swine influenza virus with one of the recent reassor-
tant H3N2 swine isolates (16a, 43). Specifically, the HA
gene of Sw/IN/99 is within the clade of contemporary clas-
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TABLE 1. Sequence homology of each gene from Sw/IN/99 and reference virus sequences available in GenBank

Nucleotide positions of

Nucleotide sequence

Influenza virus

Gene Sw/IN/99 compared Virus with the highest degree of homology” identity (%) lineage
HA 33-1,065 A/Swine/Hong Kong/273/94 (HIN1) [U45452]° any© 95.2 Swine
NA 21-1,411 A/Shiga/25/97 (H3N2) [AF038264] (20) 98.1 Human
M 1-975 A/Swine/lowa/17672/88 (HIN1) [M63522] (15) 97.3 Swine
NP 41-1,543 A/Swine/lowa/17672/88 (HIN1) [M63768] (9) 97.5 Swine
NS 22-867 A/Swine/Hong Kong/273/94 (HIN1) [U49490] (11) 97.3 Swine
PA 43-1,436 A/Quail/Arkansas/292091/93 (HIN2) [AF156456] (12) 93.7 Avian
PB1 13-2,292 A/Shiga/20/95 (H3N2) [U71130] (20) 98.6 Human
PB2 46-2,309 A/Shorebird/Delaware/9/96 (HIN2) [AF156441] (12) 96.0 Avian

“To clarify the overall genotype of Sw/IN/99, these analyses excluded viruses known to have been isolated following interspecies transmission, as well as the H3N2

reassortant viruses isolated recently from pigs in the United States (16a, 43).

® The numbers in brackets are the GenBank accession numbers for the reference virus sequences.

¢ The numbers in parentheses are the references for each sequence.

sical swine HIN1 viruses (Fig. 1). The NA (Fig. 2A), M (Fig.
2B), PA (Fig. 2C), and NP, NS, PB1, and PB2 (data not
shown) genes are all phylogenetically most closely related to
the homologous genes from the H3N2 reassortant viruses
isolated from pigs in the midwestern United States in 1998—
1999 and only more distantly related to older human (NA
and PB1), swine (M, NP, and NS), and avian (PA and PB2)
virus isolates. Pairwise amino acid sequence comparison of
the HA proteins of Sw/IN/99 and a representative virus from
the recent classical HIN1 clade, A/Swine/Wisconsin/235/97
(27), revealed 24 amino acid differences in HA1 and 4 amino
acid differences in HA2. Only 8 of the HA1 differences are
in previously defined antigenic sites (6, 21, 22, 28, 32, 41).
The remainder are spread throughout HA1, although none
affected potential glycosylation (N~P~S/T~P) (28) or pre-
viously defined receptor binding (14, 40) sites.

To our knowledge, Sw/IN/99 is the first HIN2 virus isolated
from a pig in the United States. HIN2 viruses have been
isolated previously from pigs in France in 1987 and 1988 (10),
in Japan in 1978-1980 (25, 26, 38, 42) and 1989-1992 (16, 30),
and in the United Kingdom since 1994 (1, 2; J. H. Brown,
Programme Abstr. Eur. Soc. Vet. Virol. Symp. Anim. Influ-
enza Viruses, Gent, Belgium, 1999, abstr. 31. European Society
for Veterinary Virology, Universiteit Gent, Gent, Belgium).
Antigenic and/or genetic characterization demonstrated that
the viruses from Japan and France were the products of reas-
sortment between classical swine HIN1 viruses and human
H3N2 viruses circulating in pigs (10, 16, 25, 26, 30, 38, 42). In
contrast, the HIN2 viruses in the United Kingdom have been
suggested to be the result of multiple reassortment events.
Reassortment between human HINI1 and H3N2 viruses is
thought to have created an HIN2 subtype virus, which subse-
quently acquired all six of its internal viral protein genes
through a second reassortment with a wholly-avian HIN1 virus
(16). The HIN2 viruses in Japan and the United Kingdom
caused large-scale outbreaks of disease and spread throughout
the swine populations of each country (1, 2, 16, 30; Brown,
Programme Abstr. Eur. Soc. Vet. Virol. Symp. Anim. Influ-
enza Viruses, 1999, abstr. 31), whereas the viruses in France
apparently did not (10). Whether the Sw/IN/99 virus will
spread within the regional or national swine population of the
United States remains to be determined. In addition, doc-
umentation of its relative virulence and abortigenic poten-
tial compared to classical swine HIN1 and the contemporary
reassortant H3N2 viruses awaits experimental infection
studies. Nonetheless, the isolation of Sw/IN/99 emphasizes
the potential for pigs to serve as “mixing vessel” (34, 36, 39)
hosts for the generation of new reassortant genotypes of
viruses. If both HIN1 and H3N2 viruses continue to cocir-

culate within the swine population of the United States, we
should expect to isolate additional reassortant viruses with
unique combinations of surface and/or internal protein
genes.
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FIG. 1. Nucleotide phylogenetic tree for the HA gene of Sw/IN/99. The
evolutionary relationship of this gene to HA genes from reference viruses was
estimated by the method of maximum parsimony (PAUP software, v.4.0b2;
David Swofford, Smithsonian Institution) using the tree-bisection-reconnection
branch swapping algorithm and with the MULTREES option in effect. The tree
shown represents the best (score = 1,385) of 9,698 rearrangements that were
generated. Horizontal line distances are proportional to the minimum number of
nucleotide changes needed to join nodes and gene sequences. The vertical lines
are simply for spacing the branches and labels. The tree is rooted to an H3 HA
sequence. The accession numbers for the reference virus sequences used in this
analysis are available upon request.
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FIG. 2. Nucleotide phylogenetic trees for the NA (A), M (B), and PA (C)
genes of Sw/IN/99. The evolutionary relationships were estimated by the method
of maximum parsimony as described in the legend to Fig. 1. The score and
number of rearrangements for each tree are as follows: NA, score = 2,011 of
475,664 rearrangements; M, score = 1,020 of 10,892,448 rearrangements; and
PA, score = 3,850 of 2,345,030 rearrangements. The reassortant H3N2 viruses
isolated from pigs in the Midwestern United States since 1998 (16a, 43) are
marked by an asterisk. The NA tree is rooted to an influenza A virus of a
different subtype (N1), whereas the M and PA trees are rooted to influenza B
viruses.

Nucleotide sequence accession numbers. The GenBank
numbers assigned to the gene sequences of Sw/IN/99 deter-
mined in this study are as follows: the HA gene, AF250124; the
NA gene, AF250126; the M gene, AF250125; the NP gene,
AF250127; the NS gene, AF250128; the PA gene, AF250129;
the PB1 gene, AF250130; the PB2 gene, AF250131. The Gen-
Bank accession numbers for all of the reference virus se-
quences used in the phylogenetic analyses are available upon
request.
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