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The ongoing challenge of flu
Marie Gramer
University of Minnesota

Introduction
In the last two decades, more attention has been focused on 
influenza viruses than ever before. This is in large part due 
to the emergence of human infection with highly patho-
genic avian influenza in Asia with high case-fatality rates. 
Prior to this episode, it was thought, rightly or wrongly, 
that infections of humans with animal influenza viruses 
typically involved “mixing” of the virus in an intermedi-
ate, mammalian host such as the pig. The emergence of 
a strain that could bypass pigs and directly enter humans 
from birds was new, and potentially very dangerous. This 
situation brought new urgency to several inter-related 
research questions: how much and what kind of change 
in a virus strain is enough to allow the virus to escape the 
host’s immunity, do pigs play a important role in future 
influenza pandemics, and how can we more accurately 
and rapidly diagnose influenza in pigs.

Viral sub-types and genetic 
reassortment among species 
Influenza viruses are segmented, negative-sense, RNA 
viruses, and their genetic material codes for at least 10 
viral proteins. Of the three types of influenza viruses, 
type A are the ones that infect birds, pigs, humans, and 
other mammals and can be transmitted between these 
multiple species. Type A influenza viruses are classified 
into subtypes according to their two surface proteins, 
hemagglutinin (HA) and neuraminidase (NA).1 These 
surface proteins are also the markers to which a host’s 
immune system responds. There exist 16 hemagglutinin 
sub-types (H1 – H16) and 9 neuraminidase subtypes (N1 
– N9),2 but until 1998, pigs were infected with only one 
subtype – H1N1. This “classical” H1N1 appeared to have 
been relatively stable for over 60 years.3,4 But in 1998, 
H3N2 viruses emerged in swine. The majority of these 
H3N2 viruses were triple reassortant viruses, containing 
gene segments from human, avian, and swine influenza 
strains.5-7 Since 1998, several additional reassortments 
have occurred, with H1N2 viruses emerging in 1999 and 
“variant” H1N1 viruses containing avian genes in ap-
proximately 2001.8-10 Ultimately, what transpired is the 
emergence of a platform of viruses capable of co-infecting 
herds and undergoing either slow or more rapid genetic 
change, resulting in either antigenic drift (subtle changes 

due to mutations in the genetic sequence of the HA gene) 
or antigenic shift (dramatic changes due to reassortment 
or swapping of virus gene segments between viruses). 
The results of both antigenic shift and antigenic drift are 
viruses that can change the properties of their antigens 
to such a degree that the immune system can no longer 
recognize them.

Current challenges involving  
influenza viruses 
This increase in the rate of genetic change in North Ameri-
can swine influenza isolates appears to cause disease even 
in herds that have been routinely vaccinated. Thus, these 
influenza viruses of pigs contain genetic and antigenic 
changes that complicate the existing diagnostic, control, 
and prevention measures. New, improved methods need to 
be discovered and put into use to more accurately detect 
infected pigs, fully characterize the viruses that infected 
them, determine why the pig’s antibodies were not able 
to fight off the infection, and understand the implications 
that variation in swine influenza viruses might have on 
swine health, public health, and interspecies transmission 
of influenza.

Research goals 
To evaluate the changing landscape of swine influenza 
virus ecology, several groups have completed research 
studies designed to: 1) develop and validate a rapid reverse 
transcription-polymerase chain reaction (RT-PCR) test 
to detect all subtypes of influenza A virus; 2) evaluate 
the effect of different swab types on the sensitivity of 
this assay; 3) genetically and antigenically characterize 
H1 and H3 subtypes of swine influenza virus found in 
North America; 4) identify, characterize, and describe the 
epidemiology of newly discovered human/swine H1N2 
reassortant swine influenza virus isolated from pigs in 
the United States; and 5) evaluate the efficacy of com-
mercial and experimental vaccines against variant swine 
influenza viruses.

Development and validation of a rapid, 
accurate, swine influenza virus test 
RT-PCRs have been developed that target the nucleopro-
tein (NP) gene and are specific for influenza A viruses. 
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The assay developed at the University of Minnesota has 
a diagnostic sensitivity and specificity on lung tissues 
of 97% and 98%, respectively, when compared to tests 
such as virus isolation, immunoassay, and immunohisto-
chemistry, and the assay’s sensitivity and specificity were 
corroborated by consistent histopathological lesions and 
reported clinical signs. The assay had less than optimum 
sensitivity and specificity when used on nasal swabs, 
whether nylon flocked or rayon tipped.

A Matrix gene real time RT-PCR was evaluated on porcine 
tissues and shows tremendous potential as an accurate 
postmortem and antemortem diagnostic test. The matrix 
gene RRT-PCR was originally designed by Spackman, et. 
al. for the detection of avian influenza viruses.11 Since the 
matrix gene is conserved among all influenza A viruses, 
it is able to detect swine influenza viruses as well. Evalu-
ations of the Matrix RRT-PCR test at the University of 
Minnesota on a set of 88 nasal swabs and 222 lung tissues 
collected in the field resulted in a greater number of posi-
tive samples compared to NP-PCR tests of the same swabs 
and tissues. Additionally, the diagnostic sensitivity of the 
Matrix RRT-PCR was greater as it was able to detect 2 
log less virus than the NP-PCR. Enhanced, accurate and 
rapid diagnosis of influenza on nasal swabs should be very 
helpful in controlling influenza on swine farms.

Defining and understanding the  
many swine influenza virus  
variations in North American pigs 
Antigenic shift and drift have resulted in several virus 
variants of H1N1 and H1N2 swine inf luenza virus. 
Classical H1N1-like, A/Swine/Indiana/2000 H1N2-like, 
reassortant H1N1-like, and human-like H1 SIV hemag-
glutinin (HA) genotypes are currently co-circulating in 
North American pigs with no predominant genotype in 
any geographic region. Antigenic drift has resulted in a 
dominant H3N2 virus with a cluster III variant-like HA 
genotype. However, the HA gene nucleotide similarity to 
cluster III prototype strain A/Swine/Illinois/1999 H3N2 
is often less than 90%. In addition, cluster III variant-like 
H3N2s have less serologic cross-reactivity to A/Swine/
Texas/1998 H3N2 than the cluster III prototype strain.

The emergence of human-like swine 
influenza viruses
 The human-like H1 swine influenza virus first emerged 
in 2003 and its HA gene is similar to that of H1 human 
influenza viruses circulating worldwide in 2002/2003. 
The neuraminidase (NA) gene is swine-like, indicat-
ing this is a human/swine H1N2 reassortant. The virus 
(A/Sw/Colorado/597/2003) was identified initially by 
NP RT-PCR followed by virus isolation and genetic and 
antigenic characterization. Serosurveillance confirmed 
widespread exposure to A/Sw/CO/597/03 in the related pig 

flows to the Colorado pigs. Expanded surveillance for the 
human-like H1 viruses in swine since 2003 has yielded 
over 150 influenza viruses of human-like H1 genotype 
isolated from pigs in eleven states, indicating that this 
human-like virus is adapted to swine, spreads readily to 
pigs in other geographic regions, and is capable of caus-
ing respiratory disease in pigs. The considerable variation 
in swine influenza virus in US pigs has been shown to 
diminish the efficacy of killed bivalent H3N2 and H1N1 
vaccines given to pigs experimentally infected with either 
a reassortant H1N1 virus or an H3N2 virus variant. The 
negative effect on efficacy was more pronounced with 
H3N2 virus variant and was highlighted by the improved 
performance observed in pigs with homologous vaccina-
tion, that is, a vaccination that contains a virus strain that 
is 100% similar to the infecting strain.

New vaccine technologies for  
improved heterologous protection 
Since an SIV vaccine inducing cross-protective immu-
nity between different subtypes and strains circulating in 
pigs is highly desirable, researchers at the USDA-ARS-
National Animal Disease Center have worked with an 
attenuated (NS1 deletion) H3N2 strain of influenza as 
a potential modified live virus (MLV) vaccine.12 The 
MLV was indeed non-virulent and completely protected 
against challenge with the homologous virus. Vaccinated 

pigs challenged with the heterosubtypic H1N1 virus had 
similar gross lung lesions to unvaccinated, H1N1-chal-
lenged pigs. However, vaccinated pigs challenged with 

the H1N1 SIV had reduced microscopic lung lesions and 
less virus shedding from the respiratory tract than did 

unvaccinated, H1N1-challenged pigs. Furthermore, there 
was a demonstrable HI serum antibody response in all 
vaccinated pigs as well as detectable flu-specific mucosal 
immunoglobulins in lung lavage fluid.12 While not perfect, 
MLV vaccines are promising in pigs and may be one of 
the keys to successful control.

The emergence of reassortant viruses in 
pigs - an interesting study in influenza 
virus dynamics
 The appearance of a reassortant is likely a result of si-
multaneous infection of a pig with both human and swine 
influenza viruses (or both avian and swine influenza 
viruses) and the gene segment transfers that occurred in 
the host cell during virus replication and reassembly. The 
pig tracheal epithelial cells can support dual infection 
because they possess the binding receptors with a prefer-
ence for both human and avian influenza viruses.13 The 
human/swine H1N1 and H1N2 viruses reinforce the fact 
that influenza viruses are capable of interspecies transmis-
sion, including from animals to humans.14-16 In addition to 
the discovery of human/swine H1N1 and H1N2 viruses, 
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H3N1 and H2N3 have been discovered.17,18 US scientists 
from around the country collaborated with the University 
of Minnesota in the discovery of the new H2N3 strain of 
swine influenza virus. H2 viruses are unique to swine 
and this new flu strain has a molecular twist in that it 
is composed of avian and swine influenza virus strains. 
Molecular studies indicated the H2N3 influenza virus is 
closely related to an H2N3 strain found in mallard ducks. 
But this is the first time the strain has been detected in 
pigs. H2 influenza viruses have been absent from human 
circulation since 1968 and as such they pose a substantial 
human pandemic risk. The H2N3 viruses are able to cause 
disease in experimentally infected swine and mice without 
prior adaptation. In addition, the swine H2N3 virus is 
infectious and highly transmissible in swine and ferrets. 
Taken together, these findings suggest that the H2N3 virus 
has undergone some adaptation to the mammalian host 
and that their spread should be very closely monitored.

Viral escape from vaccine-induced 
immunity, and the importance of  
avian genes 
The significance of a platform of H1N1, H1N2, H3N2 
and variant H1N1 viruses infecting US swine is being 
elucidated through collaborative research efforts among 
producers, practitioners, diagnosticians, and researchers. 
We know that escape from vaccinal immunity can occur 
if the HA of the infecting strain varies antigenically and 
genetically from the HA of the vaccine strain.19,20 However, 
the exact amount and type of variation necessary to cause 
vaccine escape is not known, and detailed analyses of HA 
gene sequences and antigenic characteristics are necessary 
to determine what is a “significant” change and what is 
merely drift.21-23 Importantly, the influenza viruses that 
tend to predominate in swine are those that have acquired 
avian genes, particularly the avian polymerase (internal) 
genes responsible for virus replication. This has proven 
true in the UK, EU, and now in the US, where triple reas-
sortant H3N2 swine influenza viruses (those containing 
gene segments from avian, swine and human influenza 
viruses) have displaced the double reassortant swine in-
fluenza viruses (those containing only swine and human 
influenza virus gene segments).16,24-31 Also in the US, the 
variant H1N1 viruses containing avian internal genes have 
replaced the classical swine influenza viruses and now 
predominate in the Midwest and Southeast. Therefore, 
influenza viruses with avian internal genes appear to have 
what seems to be an advantage over other viruses. More 
research is needed to elucidate the mechanisms that make 
viruses with internal genes of avian-like origin more fit, 
but one can speculate that their lack of genetic proof-read-
ing ability gives rise to more genetic mutations and thus 
more variants that can escape immunity.

These triple reassortant H3N2 and variant H1N1 viruses 
are not only predominating in US swine, but are also 

capable of greater rates of antigenic drift through accu-
mulation of genetic mutations that subsequently result in 
changes to HA. The changed HA is no longer completely 
recognized by the immune system and outbreaks of swine 
influenza can occur in previously exposed (naturally or 
vaccinated) herds. The instability of the virus makes it a 
moving target, requiring diagnostic laboratories to update 
their serological test antigens to more closely match con-
temporary strains or use the actual infecting contemporary 
strains in the serological tests to measure immunity to 
the homologous virus. Trying to detect viruses through 
molecular methods is challenging if the primers used to 
amplify influenza genes are targeted at regions that were 
previously regarded as conserved but are now exhibiting 
 variability.

Viral evolution and protecting  
animal populations  
The many processes speculated to be involved in viral 
change are intriguing. Research using human influenza 
viruses suggests that vaccine pressure and subsequent 
immunity may drive antigenic drift. The virus outbreaks 
that occur as a result of virus evolution and the emergence 
of virus variants may not have occurred solely as a result 
of viral drift but more likely are due to a combination of 
changes accounting for both viral mutations and popula-
tion immunity.32 When antigenic variants emerge, the 
questions then become ones of how to control them and 
should the variants be selected for future vaccines. Our 
research has shown that, in experimental settings, vac-
cine strain selection may affect efficacy in individual 
animals. In field settings, population immunity must be 
considered. While it is difficult to study population im-
munity directly, mathematical models provide indirect 
measures and predictions of antigenic evolution of influ-
enza viruses that may have implications for vaccine strain 
selection. In studies using human influenza viruses and 
cross-HI tests in models, it is postulated that “outbreaks” 
may occur as a result of immunity dynamics such as 1) 
incomplete immunological cross-protection from previous  
exposures 33 or 2) select immune response enhancement to 
only previous exposures instead of to the current vaccine 
strain (so-called “original antigenic sin”).34 Thus, both the 
changing immune status of the host population and virus 
variation complicate influenza control.

While humans have taken the approach of annual vaccine 
strain updates in attempts to minimize influenza illness 
and death, control of influenza in swine herds has been 
less flexible, with updates taking several years and only 
through lengthy and costly safety and efficacy reviews by 
regulatory agencies. Several strategies are available for 
controlling swine influenza viruses in herds or regions 
infected with more than one subtype. Vaccination with 
killed virus has been employed with varying success since 
the mid 1990s. As more strains of swine influenza virus 
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emerged, pharmaceutical companies have added contem-
porary strains to their existing, commercially-licensed 
vaccines, resulting in bivalent and trivalent vaccines 
carefully balanced to induce immunity to the subtypes 
of swine influenza virus in the vaccine. Alternatively, 
autogenous killed influenza virus vaccines have gained 
in popularity as infecting swine influenza virus strains 
have exhibited both antigenic and genetic differences 
when compared to the commercial vaccine virus strains. A 
change in vaccine strain is generally recommended when 
issues such as antigenic dose, timing, adjuvant and co-
infections have been properly addressed. More often, the 
decision to use an autogenous vaccine is driven by a need 
to more immediately respond with a specific, rapid, and 
inexpensive solution to what is perceived as a real problem 
unsolved by the mere use of commercial vaccines.

Conclusions
The concern surrounding influenza viruses will continue. 
As we characterize the viruses to their subtypes and 
further characterize them genetically as to their origin, 
we have discovered human-like H1N2 viruses in swine. 
The significance of these novel reassortant viruses is not 
immediately clear; however, they seem to have become 
well-adapted to the swine respiratory tract, and they are 
causing significant illness that has spread beyond the 
index herd [and could threaten human populations]. Field 
experiences and experimental research has emphasized 
the importance of accurately and rapidly diagnosing 
swine influenza virus infections, characterizing those 
viruses to understand why disease occurred or why vac-
cines apparently failed, and revealing the presence of 
novel viruses emerging through reassortment events that 
could have an impact on both animal and human health. 
We should continue to monitor herds for the presence of 
novel strains to enable predictions regarding how far the 
viruses will spread or whether they will become endemic 
in herds. Monitoring allows us to gain knowledge of the 
implications of influenza viruses on swine health, and be 
vigilant for influenza virus strains that may pose a threat 
to human health.
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