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Since the introduction of H3N2 swine influenza viruses (SIVs) into U.S. swine in 1998, H1N2 and H1N1
reassortant viruses have emerged from reassortment between classical H1N1 and H3N2 viruses. In 2004, a new
reassortant H3N1 virus (A/Swine/Minnesota/00395/2004) was identified from coughing pigs. Phylogenetic
analyses revealed a hemagglutinin segment similar to those of contemporary cluster III H3N2 SIVs and a
neuraminidase sequence of contemporary H1N1 origin. The internal genes were of swine, human, and avian
influenza virus origin, similar to those of contemporary U.S. cluster III H3N2 SIVs. The recovery of H3N1 is
further evidence of reassortment among SIVs and justifies continuous surveillance.

Influenza A virus is a highly infectious respiratory pathogen
in the respective natural hosts, which include birds, lower
mammals, and humans (1, 13, 24). The primary clinical man-
ifestations of viral infection in mammals are fever and acute
respiratory distress (nasal discharge, coughing, and dyspnea).

Influenza A virus is an enveloped RNA virus containing eight
segments of negative-sense RNA (13), which encode 10 proteins,
including hemagglutinin (HA), neuraminidase (NA), matrix 1
(M1), M2, nucleoprotein (NP), nonstructural proteins (NS1 and
NS2), and a polymerase complex (PA, PB1, and PB2). The virus
can be further classified into 16 HA and 9 NA subtypes, all of
which are maintained in aquatic birds (4, 13, 18, 23, 24).

Currently, variants of three predominant HA-NA combina-
tions of influenza viruses (H1N1, H3N2, and H1N2) are cir-
culating in swine populations throughout the world (2, 14).
Prior to 1998, only the “classical” H1N1 virus, comprised of
RNA segments that were all of swine origin, was identified in
U.S. swine populations (14) following the first isolation of an
influenza virus in the early 1930s (19). At present, the predom-
inant H1N1 swine influenza viruses (SIVs) isolated in the
United States are reassortant H1N1 viruses carrying RNA
segments (PA and PB2) of avian origin (7). In late 1998, a
novel SIV of H3N2 subtype (double-reassortant H3N2 viruses)
was isolated from pigs in North Carolina demonstrating respi-
ratory disease. The virus contained HA, NA, and PB1 seg-
ments of human influenza virus origin and other gene seg-
ments from classical H1N1 SIV (21, 28). Subsequent H3N2
isolates from other states were triple-reassortant viruses, con-
taining HA, NA, and PB1 segments from human influenza
viruses; M, NS1, and NP segments from classical H1N1 SIV;
and PA and PB2 segments from avian viruses (21, 28). Addi-
tionally, reassortment between triple-reassortant and classical
swine H1N1 viruses has produced H1N2 viruses (8). To date,
variants of triple-reassortant H3N2 and H1N2 and reassortant

H1N1 influenza viruses are circulating in U.S. swine popula-
tions (3, 8, 9, 10, 11, 15, 22). Here, we report the identification
of a fourth HA-NA subtype combination—H3N1—in U.S.
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TABLE 1. Compositions of sequencing primers

Primer Sequence

H3F ....................5�-AGC AAA AGC AGG GGA TAA TTC T-3�
H3-490F.............5�-CTG AAC GTG ACT ATG CCA-3�
H3-1046F...........5�-GCG CAA TCG CAG GTT T-3�
H3-1507F...........5�-GCA TAG GGT CAA TCA GAA-3�
H3-362R ............5�-TAA GGG TAA CAG TTG CTG-3�
H3-792R ............5�-CAG TAT GTC TCC CGG TTT-3�
HR......................5�-AGT AGA AAC AAG GGT GTT TTT-3�
NAF ...................5�-AGC AAA AGC AGG AGT TTA AAA TG-3�
N1-409F .............5�-GCA ACA ACA CTA AAC AAC AG-3�
N1-1144F ...........5�-ATT TGG GAT CCT AAT GGA TGG ACA G-3�
N1-547R.............5�-GCA CTT GCT GAC CAA GCA ACT GAT T-3�
NAR...................5�-AGT AGA AAC AAG GAG TTT TTT-3�
PB1-1..................5�-TAT TCG TCT CAG GGA GCG AAA GCA GGC A-3�
PB1-F1 ...............5�-GGT CGA ATG GTC TTAA CAG C-3�
PB1-R1 ..............5�-GTT GCA GGT CCA AGA TCA TTG-3�
PB1-2341R ........5�-ATA TCG TCT CGT ATT AGT AGA AAC AAG GCA

TTT-3�
PB2-1..................5�-TAT TCG TCT CAG GGA GCG AAA GCA GGT C-3�
PB2-F1 ...............5�CCA CTG TGG ACC ATA TGG CC-3�
PB2-F2 ...............5�-GAT CAA TGG TCC TGA GTC AG-3�
PB2-R1 ..............5�-GCC TTC ATC CGG GTC TTT AG-3�
PB2-R2 ..............5�-GCG ACA TCT CCG TGC TTG G-3�
PB2-2233R ........5�-ATA TCG TCT CGT ATT AGT AGA AAC AAG GTA

GTT-3�
PA-1 ...................5�-TAT TCG TCT CAG GGA GCG AAA GCA GGT AC-3�
PA-F1.................5�-GCA TTA CTG AAG CAC CGA TTT G-3�
PA-F2.................5�-CTG GAG AGG AGA TGG CTA C-3�
PA-R1 ................5�-GCT CTC AAT CTG CTG AAG AG-3�
PA-R2 ................5�-CAG TAG CTC TGC AAT GGG ACA C-3�
PA-R3 ................5�-CTT CAT CAA GGG TGT AGT CTG C-3�
NP-1 ...................5�-TAT TCG TCT CAG GGA GCA AAA GCA GGG TA-3�
NP-F1.................5�-GAA GAG CAT CCC AGT GCT G-3�
NP-R1 ................5�-CCC TTT CAA AGT CAT GCC C-3�
NP-1565R ..........5�-ATA TCG TCT CGT ATT AGT AGA AAC AAG GGT

ATT TTT-3�
NS-1 ...................5�-TAT TCG TCT CAG GGA GCA AAA GCA GGG TG-3�
NS-890R ............5�-ATA TCG TCT CGT ATT AGT AGA AAC AAG GGT

GTT TT-3�
M-1.....................5�-TAT TCG TCT CAG GGA GCA AAA GCA GGT AG-3�
M-1027R............5�-ATA TCG TCT CGT ATT AGT AGA AAC AAG GTA

GTT TTT-3�
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swine as a result of reassortment between H3N2 and H1N1
viruses.

In October 2004, a 1,000-head swine farm in Minnesota
experienced a severe respiratory disease outbreak in 14-week-
old pigs, which was characterized by coughing and increased
mortality. The morbidity was approximately 80%, and the ac-
cumulated mortality reached 5% during the episode. Normal
death loss in the index farm was less than 1% prior to the
outbreak. Tissues from two dead pigs were submitted to the
Veterinary Diagnostic Laboratory at the University of Minne-
sota for respiratory-disease diagnostic tests.

Grossly, the lungs were heavy and dark red. Microscopically,
there was acute, purulent, and histiocytic bronchopneumonia
with subacute pleuritis. Influenza A virus RNA, porcine repro-
ductive and respiratory syndrome virus RNA, and type 2 por-
cine circovirus DNA were detected by PCR testing of the lung
tissue, and Mycoplasma hyopneumoniae DNA was detected by
PCR on bronchial swabs. Actinobacillus suis and Pasteurella
multocida were isolated from the lungs.

Virus isolation (25) was attempted on lung tissues for influ-
enza virus to further characterize the virus, since the herd was
considered to be well vaccinated for swine influenza. A cyto-
pathic virus capable of agglutinating rooster red blood cells
was isolated in MDCK cells inoculated with the sample. The
culture fluid was positive for influenza A viral RNA by reverse
transcription (RT)-PCR and for influenza A virus NP by anti-
gen-capture enzyme-linked immunosorbent assay (Directgen
FluA; Becton-Dickinson, Franklin Lakes, NJ). Unexpectedly,
the subtype of the virus isolate, as determined by a real-time
multiplex RT-PCR (16), was H3N1. The isolate was plaque
cloned (27), retested, and again subtyped by RT-PCR as H3N1.
The presence of H3N1 virus in the lung tissues was also con-
firmed by RT-PCR and was the only HA-NA combination of
SIV detected in the samples. Subsequently, the virus isolate
was submitted to the U.S. Department of Agriculture National
Veterinary Services Laboratories (Ames, Iowa) for subtyping
by hemagglutination inhibition and neuraminidase inhibition

FIG. 1. Phylogenetic relationship of the HA gene from newly identified H3N1 swine influenza virus [SwineMN04(H3N1)] to HA genes of other
well-characterized H3N2 viruses of swine origin as illustrated by the unrooted neighbor-joining method (MEGA software 3.1).

VOL. 80, 2006 NOTES 5093



assays and confirmed as H3N1. The isolate was then desig-
nated A/Swine/Minnesota/00395/2004 (H3N1).

Further genotypic characterization of the virus was con-
ducted by nucleic acid sequencing and phylogenetic analyses.
Viral RNA was prepared from 200 �l of virus suspension with
a QIAamp RNeasy Mini Kit (QIAGEN, Inc., Valencia, CA),
using a protocol recommended by the manufacturer. PCR
amplification of each gene segment was performed under stan-
dard conditions. The sequencing primers were designed based
on a previous report (6) and are summarized in Table 1. PCR
products were then purified using a QIAamp Gel extraction
kit (QIAGEN) and sequenced using an ABI 3730 DNA Ana-
lyzer (Applied Biosystems, Inc., Foster City, CA). The gene
sequences obtained were aligned and analyzed using Laser-
gene analysis software (DNASTAR, Madison, WI). Phyloge-
netic analyses of nucleotide sequences using the ClustalV
method (5) and a BLAST search in the Influenza Sequence
Database (12) demonstrated an HA segment with 95.9 to
99.5% nucleotide similarity to that of cluster III H3N2 SIVs
(17, 21), the predominant H3 genotype circulating in U.S.
swine (Fig. 1). The NA segment was close to that of classical
H1N1 virus, with 92 to 93% identity among viral sequences
available in GenBank (Table 2 and Fig. 2) but showed higher
homology (98 to 99%) with contemporary H1N1 viruses from
the Midwest. Other genes were of swine (M, NP, and NS1),
avian (PA and PB1), and human (PB2) origin (Table 2), rep-
resentative of the internal gene composition of contemporary
triple-reassortant swine H3N2 viruses in North America (21,
28). This suggests that A/Swine/Minnesota/00395/2004 H3N1
influenza virus is a reassortant containing genes from triple-

reassortant H3N2 and contemporary H1N1 SIVs. The clinical
implications of this reassortant remain to be determined.

At both Iowa State University and Minnesota Veterinary
Diagnostic Laboratories, subtypes of SIVs implicated in clini-
cal cases have been closely monitored using molecular diag-
nostics, as well as classical virologic testing, since 1998. To our
knowledge, this is the first report of H3N1 virus in U.S. swine
populations. Outside the United States, the emergence of
H3N1 SIV from reassortment between classical H1N1 and
human-type H3N2 SIVs was reported from Taiwan in 2003
(20). Taiwanese H3N1 viruses share approximately 83% and
90% identity with HA and NA segments, respectively, of the
U.S. H3N1 virus. The recovery of an H3N1 subtype is further
evidence of reassortment and antigenic shift in SIVs, justifying
ongoing surveillance of animal populations for influenza A
viruses that could represent a direct health threat, not only to
swine populations, but also to humans. This study also dem-
onstrated the usefulness of molecular technologies for such
monitoring.

The emergence of H3N1 viruses in swine was expected from
reassortment between H1N1 and H3N2 viruses, since more
than 60% of swine farms (sow and finisher units) in the Mid-
west had serological evidence of infection by both H1 and H3
viruses within 6 months after H3N2 SIV was first isolated in
late 1998 (26). Interestingly, the emergence of H3N1 reassor-
tant virus was not seen until 2004, whereas isolation of H1N2
reassortant viruses from U.S. swine was reported in 2000 (8).
Although the exact reason for the delayed emergence of H3N1
virus cannot be determined, it is suspected that acquisition of
PA and PB2 gene segments of avian influenza virus origin by

TABLE 2. Influenza A viruses with highest nucleotide sequence identity to H3N1 swine influenza virus (A/Swine/Minnesota/00395/2004)
as determined by BLAST search in the Influenza Sequence Databasea

Gene Identity (%) Virus designation Subtype GenBank accession no.

HA 99.4 A/Swine/Iowa/00213/2003 H3N2 ISDN49163
98.4 A/Swine/Iowa/00186/2003 H3N2 ISDN49100
98.0 A/Turkey/North Carolina/12344/03 H3N2 AY779253

NA 93.2 A/Swine/Quebec/5393/91 H1N1 U86145
92.4 A/Wisconsin/4754/94 H1N1 U53166

PB1 98.7 A/Wisconsin/10/98 H1N1 AF342823
98.2 A/Swine/Minnesota/593/99 H3N2 AF251429
98.2 A/Duck/North Carolina/91347/01 H1N2 AY233388

PB2 97.5 A/Swine/Korea/CY02/02 H1N2 AY129163
97.4 A/Swine/Illinois/100084/01 H1N2 AF455738

PA 97.0 A/Swine/Minnesota/593/99 H3N2 AF251433
96.7 A/Duck/North Carolina/91347/01 H1N2 AY233389

NP 98.3 A/Swine/Ohio/891/01 H1N2 AY129159
98.3 A/Swine/Korea/CY02/02 H1N2 AF455699

M 98.8 A/Swine/Indiana/14810-S/01 H1N2 AY060071
98.6 A/Turkey/Minneasota/764-2/03 H3N2 AY779258
98.4 A/Wisconsin/10/98 H1N1 AF342818

NS 98.4 A/Swine/Indiana/14810-S/01 H1N2 AY060136
98.2 A/Swine/Korea/CY02/01 H1N2 AY129160

a http://www.flu.lanl.gov/.
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FIG. 2. Phylogenetic relationship of the NA gene from newly identified H3N1 swine influenza virus [SwineMN04(H3N1)] to NA genes of other
well-characterized N1 viruses of human, swine, or avian origin as illustrated by the unrooted neighbor-joining method (MEGA software 3.1).
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swine H1N1 viruses (8) facilitated the production of the H3N1
reassortant. However, the precise role of avian polymerase
genes in the host adaptation and replication efficiencies of
influenza viruses is not well known and remains an interesting
area of study regarding the ecology and evolution of influenza
virus in swine.

Nucleotide sequence accession numbers. The GenBank acces-
sion numbers of the HA segment, the NA segment, and other
genes are DQ145537, DQ145538, and DQ145539 to DQ145544,
respectively.
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