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Introduction 
Several reassortant subtypes of swine 
influenza virus (SIV) have emerged in the 
United States swine population since the 
introduction in 1998 of the triple reassortant 
H3N2 virus.1-10 Antigenic diversity, measured 
by hemagglutination inhibition (HI) cross-
reactivity, has also been demonstrated within 
H1 and H3 subtypes.2,3,9,10 This study was 
conducted to further evaluate genetic and 
antigenic diversity of recent U.S. field 
isolates.11 
 
Materials and Methods 
From 2003 through 2007, swine influenza H1 
and H3 viruses from field cases from herds 
located throughout the U.S. were submitted to 
the University of Minnesota Veterinary 
Diagnostic Laboratory for genetic analysis. 
The first approximate 900 nucleotides of the 
hemagglutinin (HA) genes were sequenced 
and the first 600 nucleotides aligned and 
compared to reference strains. To evaluate HI 
cross-reactivity of representative field isolates, 
caesarean-derived, colostrum-deprived, SIV-
negative pigs were allocated into 17 groups 
(n=3 or 4 per group) and were administered 
with two doses of monovalent, inactivated and 
adjuvanted viruses prepared from one of 14 
field isolates or with control preparations. Sera 
were tested for HI antibody titers to 
homologous and heterologous SIV viruses. 
The animal phase of this study was approved 
by the Institutional Animal Care and Use 
Committee, Midwest Veterinary Services, 
Inc., Oakland, Nebraska. 
 
Results: H1 Viruses 
The HA sequence data indicate that the 
classical H1N1 SIV genotype has essentially 
been replaced with reassortant H1N1 and 
H1N2 viruses belonging to three genetic 
clusters: reassortant H1-like viruses similar to 
A/Swine/Minnesota/26194/2001, H1N2-like 
viruses similar to A/Swine/Indiana/9K035/99 
and human-like H1 viruses similar to A/New 

York/294/2003. Consistent with the low 
sequence similarity (70 – 75%) between the 
HA genes, there were minimal HI cross-
reactivity between newer human-like H1 
viruses and viruses representing the H1N2-like 
and reassortant H1N1 clusters. 
 
Results: H3 Viruses 
The H3N2 viruses representing Cluster I 
(A/Swine/Texas/4100-2/98), Cluster II (A/ 
Swine/Colorado/23619/99) and Cluster III 
(A/Swine/Illinois/21587/99) were infrequently 
identified and have been essentially replaced 
with a cluster referred to as Cluster III-variants 
(A/Sw/MN/449/2004) or Cluster IV (A/Swine/ 
Ontario/33853/2005). Sera from pigs 
vaccinated with the Cluster III and Cluster IV 
H3N2 viruses showed varying levels of HI 
cross-reactivity, reflecting both genetic and 
antigenic differences within these clusters. 
 
Discussion 
This genetic and antigenic diversity within 
subtypes may complicate diagnostic efforts 
and may have implications on the efficacy of 
older vaccine strains against newly emerging 
field strains. Data from both HA genetic 
analysis and HI serologic cross-reactivity yield 
important information for understanding 
epidemiological trends in antigenic drift and 
shift and for the use of vaccines as part of the 
strategy for control of SIV disease. 
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