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Epidemiology of swine influenza 
Chri stopher W. Olsen, DVM, PhD 
Department of Pathob iolog ical Science , Schoo l of Veterin ary Medicine, University of Wi sconsin -Madi son, Madi
son, WI, 53706 

Introduction 

For intluenza viru ses and their epidemio logy, the on ly 
constant is change. Although thi s principle is perh ap be t 
exemplifi ed by hu man in flu enza viru es, the recent emer
gence of reas orlant H3N2 intluenza viru es among pigs 
in the Uni ted States rein force the fact th at pigs are by no 
means excluded from thi pattern . In fact, a variety of 
unique swine influenza viru e have been i olated around 
the world in recent year . Thi paper will pre ent these 
viruses as example of how in fl uenza viruse can change, 
and it will show the potenti al impact of influenza virus 
vari ation on the swine industry in the United States. In 
add ition, it will rev iew the result of recent tudie on the 
nature of influenza viruses circul ating among pigs in the 
United States from 1997 to the pre en!. 

Background 

Influenza virus structure and ecology 
Influenza A viruse (the mo t common type of influenza 
virus infecting animal , includi ng people) contain 8 eg
ments of RNA th at encode 10 viral protein . The two large 
urface protein on the viru are the hemagg lutinin (H or 

HA) and neuraminida e (N or NA). (See Figure 1.) The 
HA contain the important anti genic sites to which pro-

tecti ve antibodie are directed, and anti genic and genetic 
difference in the HA and NA define an influenza viru ' 
ubtype, e.g., HI N I, H3N2, and 0 on .1~ In total, there 

are currently 15 HA and 9 NA ubtype recognized among 
influenza A viru e in pi gs . ~8 

To understand the epidemiology of influenza in pi gs , it i 
critical to rea li ze that influenza viruse can in fec t a vari 
ety of other pec ie ; in fact, inter- pec ie in fec tion can be 
a mechani m for introduction of novel train of influenza 
viru es into the wine popul ation . Influenza viruses are 
important pathogen in a variety of dome tic and non
dome tic pecie ,34.63 includ ing the fo ll ow ing taxa: 

• chicken 

• turkey 

• hor e 

• eals and whale 

Mo t importantly, however, influenza viru e al 0 in fect 
duck and other waterfowl. In fac t, all 15 HA and 9 NA 
ubtype of influenza ex i t among waterfow l. In the e 
pecie , influenza viru e target the ga trointe tinal tract 

rather than the re piratory tract, and the in fec ti on are 
completely ubclinical. The e attribute , along with the 
migratory behav ior of wate rfow l and th e ability of 

Figure 1 
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influenza viruses to persist in cold lake water, contribute 
to the capacity of waterfowl to form an immense reser
voir for influenza viruses in nature. I

" 

Influenza in pigs 
Intluenza viruses were first isolated from pigs in the United 
States in the early 1930s." These were HI N I-subtype 
viruses, and their isolation from pigs followed closely 
upon the 1918 human HINI influenza pandemic that 
claimed over 20 million lives around the world.'~ In fact, 
influenza-like disease was recognized clinically among 
pigs in the United States during the late summer and fall 
of 1918,18.28 and recent evidence clearly indicates that the 
191 X human virus and the 1930s swine viruses were 
closely related.~5 However, it remains unclear whether 
these viruses appeared first in people and then spread to 
pIgS, or vice versa. 

HI N I influenza viruses have continued to infect pigs in 
the United States ever since the 1930s, and influenza re
mains one of the most commonly encountered swine res
piratory diseases. It can present as either an enzootic dis
ease problem in a herd or, more commonly, as explosive 
outbreaks of acute respiratory disease with fever, anor
exia and weight loss, lethargy, nasal and ocular discharge, 
coughing, and dyspnea. IX The severity of clinical illness 
is dependent upon the following factors: 

• The strain of influenza virus involved 

• The age of the pig 

• The immune status of the pig 

• Environmental conditions 

• The presence or absence of concomitant stress factors 

• The presence or absence of additional respiratory tract 
bacterial and/or viral pathogens 

Under these last conditions, there is particular concern 
for the impact of synergistic infections between influenza 
virus and porcine reproductive and respiratory syndrome 
virus or porcine respiratory coronavirus.21.26.61.62 

Public health implications of swine influenza 
Beyond the importance of influenza as a disease problem 
for the swine industry, pigs also play two important roles 
in the epidemiology and ecology of influenza viruses for 
humans. First of all, classical HI N I swine influenza vi
ruses are zoonotic pathogens. Human infections with 
swine influenza viruses have been documented in the US 
at least nine times since 1974,14.2165 including fatal infec
tions,27.43,47.56.58.64 as well as in Europe,15 and in New 

ZealandY In addition, data suggest that zoonotic swine 
influenza virus infections may actually occur more rou
tinely among people in regular contact with pigs than the 
number of documented cases would suggest. 39A9 

Secondly, because pigs are susceptible to infection with 
both avian and mammalian influenza viruses (their tra
cheal epithelium contains receptors appropriate for viruses 
from both Iineages2~), they have been implicated as the 
intermediate host for adaptation of avian viruses to mam
malsH and as the "mixing vessels" in which human-avian 
virus reassortment occurs. 50

.52 (" ReasSOrlment is possible 
for influenza viruses because of the segmented nature of 
their RNA. When two different int-luenza viruses infect 
an individual simultaneously, the viruses can interchange 
their genes during replication and create an entirely new 
virus.'4 The major pandemics of human int-luenza this 
century (1957, 1968) were caused by novel virus strains 
that arose by reassortment between the pre-existing hu
man influenza viruses of the time and avian influenza vi
ruses.6' Although the role of pigs in this process was only 
a theory for many years, human-avian influenza virus 
reassortants have been isolated recently from commer
cially-raised pigs in Europe lo and subsequently from chil
dren in the Netherlands. 12 Finally, older strains of human 
influenza virus can be maintained among pigs,1.25.32.35AI 
thereby allowing for re-introduction of antigenic variants 
back into the human population. 

Swine influenza virus epidemiology in the 
United States: 1976-1989 

Surveillance studies conducted in the United States dur
ing 1976/197723 and 1988/1989 11 demonstrated that 
influenza virus exposure was consi~tently highest among 
pigs in the north-central states, with seropositivity rates 
against classical swine HI N I viruses of 20-47% in 1976/ 
1977 and 51 % in 1988/1989. In contrast, serologic evi
dence of H3 int-luenza virus exposure was remarkably 
lower in both studies (1.4% in 1976/1977 and 1.1 % in 
1988/1989). In 1988/1989, sera were also tested for anti
bodies to an avian virus, A/Duck/Alberta/16/87, but none 
of the 2,337 samples tested contained detectable antibod
ies to this virus. These surveillance studies clearly dem
onstrate that HI influenza viruses have been the predomi
nant subtype circulating among pigs in the United States 
since 1976. Nonetheless, variant H I viruses and other 
subtypes of influenza viruses have been isolated recently 
from pigs in North America, Europe, and Asia. The ap
pearance of atypical strains can impact the design and 
use of swine influenza virus vaccines and potentially im
pact our ability to recognize and diagnose influenza. In 
addition, novel influenza viruses that appear in pigs may 
threaten human health. Examples of variant swine 
influenza viruses are presented below to illustrate the ways 
in which influenza viruses evolve and change. 
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Mechanisms of virus variation and 
examples of novel swine influenza viruses 

New ~trains of intluenza viruses in a given specie~ of ani
mal can be generated by one of the three methods: 

• Antigenic drift 

• Antigenic ~hift/viru~ rea~sortment 

Inter-,pecie~ transmii>,ion 

Antigenic drift 
Antigenic drift i, a proce\i> of ,ubtle, gradual change In 
the antigenic make-up of a viru, that occur>. becaU',e of 
~pecific "point mutations" in the genei> encoding the HA 
and, to a le,,,er extent, the NA. The force that drive~ antI
genic drift i" "immune pre~~ure," i.e., the pre,ence of VI
ru" neutraliLing anti bodie, in an animal force, the Vlru, 
to change ~o as to "e"cape" neutralization. q Antigenic 
drift occurs very commonly among human Intiuenza VI
ru~es, and it is the reason that human influenza viru~ vac
cine" are updated with new strain>. every few year~. In 
contrast, swine viru:>es have historically undergone com
paratively less antigenic drift.'7)~ although two uniljue 
antigenic drift variants of HI N I ~wine Influenza vlru:-,e~ 
were i~olated in 1991/1992 in North America. 

AlSwinelNebraska/1/92 (SwINEB)40 
This HI N I virus was isolated during a :-,evere eli ,ea~e 
epizootic on a commercial "wine farm In Nebraska. Clini
cal signs differed from tho"e typically >.een With sWine 
rlu in that the infected pigs had very high fever, for pro
longed periods of time, yet showed relatively mIld re~pi
ratory signs and very little coughing. Intere~tlngly, how
ever, when pigs were experimentally infected With Sw/ 
NEB under controlled conditions, the clinical signs and 
pathologic lesions were similar to tho:-,e seen following 
classical swine influenza virus infection. Therefore, the 
clinical presentation in the initial outbreak wa~ probably 
partially dependent upon secondary pathogem. The HA 
of Sw/NEB is antigenically and genetically distinct from 
classical swine influenza strains, and it i~ suspected that 
management practices on the farm of origin allowed this 
virus to continually re-circulate, thus generating more 
intensive immune pressure for antigenic drift. 

AJQC/S393/9116,33,46 
In 1988, an unusual form of pneumonia was recognized 
among pigs in seven swine herds in Quebec. The pigs 
demonstrated fever and dyspnea, but once again cough
ing was not a consistent finding. Pathologically, these pigs 
had very unique lesions, and the lesions were reproduced 
in experimental infection studies. Grossly, the lungs from 
affected animals were very meaty and rubbery, and were 
described as looking more like thymus than pulmonary 
tissue. Histologically, there was a profound proliferation 
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of type II pneumocyte~, a~ well a~ an inn ltration of mono
nuclear II1flammatory cells. An HI N I influenza viru:> wa:-. 
i,olated from the~e pig<; and, like Sw/NEB, genetic char
acterization ~uggested that thi~ viru~ was also an anti
genic drift variant of cla~~ical swine HI N I influenza 
viru~e:-, . 

Antigenic shift 
Antigenic .,hlft I'> a more dramatic form of virus variation 
that occur~ when a vlru~ with a completely different sub
type of HA and/or NA appear~ in a population. The~e vi
ru,e, develop a, a re~ult of genetic rea~)ortment events. 
Example~ 01 rea"ortant ,wine Influenza vlru"es include 
the following: 

HIN2 reassortant virus 
HI N2 rea,~ortant Vlru~e, were i,olated from pigs 111 Ja
pan 111 I lin \I, dnd 1989/1990,lc France in I 9 '!I, 7 and 1988,"" 
and the United Kingdom in 1994.~ The~e viru~es were 
rea~:-,ortant<; between human and swine Viruses, although 
a multiply-rea~,orted H I N2 virus with human, ~wine, and 
avian gene, ha, more recently been isolated in the United 
Kingdom." Epidemiologically, the French and Japane:>e 
viruses did not '>pread exten~ively. However, the HI N2 
viru~e~ in the United Kingdom became Widely e,tabltshed 
and have cau>.ed multiple outbreaks of re<;piratory di>.
ca~e in pig~. 24 

HIN7 reassortant virus 
[n 1992, an HI N7 reassortant Vlru~ was isolated in the 
United KlI1gdom. This virus was a reassortant between 
human (HA) and equine (NA) influenza vlru5es,' and Jt is 
of particular ,>ignificance because equine H7N7 viruses 
have not been i~olated from horses anywhere in the world 
~ince 19'!1,0. The clinical presentation assOCiated with this 
HI N7 virus on the farm of origin was typical for swine 
influenza, but experimentally the virus induced only very 
mild sigm and replicated to such a limited extent that only 
one inoculated pig seroconverted. 

Although these viruses both maintained the H I subtype 
characteristic of pre-existing swine influenza viruses, fu
ture reassortant viruses could pose a substantial risk to 
the population if a shift occurs in HA SUbtype. ThIS is 
because individuals will not have any pre-existlllg Im
munity to the new HA protein. 

Inter-species transmission 
Inter-species transmission of entire influenza viruses (i.e., 
without reassortment) can clearly occur, e.g., zoonotic 
swine influenza virus transmission to humans. However, 
pigs can also be the recipient host of influenza viruses 
from either humans or birds. In the United States, there 
has historically been very little evidence for human or 
avian influenza virus infections in pigs. However, this has 
not been the case elsewhere in the world. 
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Human H3N2 virus 
Human H3N2 viruses have been regularly isolated from 
pigs in Europe and Asia. x ') 1215 41 These infections gener
ally induced similar or less severe clinical disease than 
infection with the traditional H IN I swine intluenza 
viruses.ls':;l 

Avian HINI virus 
Avian HI N I viruses have posed substantial problems for 
the swine industry in Europe. Sometime prior to 1979, an 
avian HI N I virus crossed the species barrier to pigs. Since 
then, it has become the dominant swine HI N I virus sub
type throughout northern Europe44 .6.1 and has caused ex
tensive outbreaks of influenza in the European swine 
population. In 1992, a similar avian HI N I virus was iso
lated in England,:u and avian HI N I viruses have also been 
isolated from pigs in Southeast Asia22 and Ireland. '° 

Avian HSNI virus 
An avian H5N I virus crossed the species barrier from 
chickens to people (most likely via contact in live-bird 
markets) in Hong Kong in 1997 .13.1957J>() This was a dra
matic and frightening event because 6 of the 18 people 
that were infected died. This was the first time that an 
entirely avian virus infected and caused significant dis
ease in people. Although it would be reasonable to con
sider that the virus initially infected pigs as an intermedi
ary mammalian adaptation host, this does not appear to 
have been the case. There are no published accounts of 
infection of pigs with this virus. 

Swine influenza virus epidemiology in the 
United States since 1998 

The examples outlined above clearly indicate that a vari
ety of antigenic drift and shift variants of influenza virus, 
as well as human H3N2 and avian HI N I viruses, have 
been isolated from pigs around the world in recent years. 
In light of these changes, and since a major survey of 
swine influenza viruses in the United States had not been 
conducted since 1988/1989, we felt it was important to 
re-examine the nature of influenza virus among Ameri
can pigs. Therefore, from September, 1997 through Au
gust, 1998, we undertook a virologic and serologic evalu
ation of influenza virus infections among pigs in the 
north-central United States, principally Wisconsin and 
Iowa. 38 We specifically wanted to address two questions. 

• Are antigenic variants of swine HINI influenza vi
ruses circulating among pigs in the United States? 

• Are pigs in the United States being exposed to hu
man H3 influenza viruses to a greater degree than in 
the past, as well as avian H I viruses? 

A total of 2,375 serum samples were obtained from two 
sources. A subset of 1,175 samples were selected randomly 

(approximately 100 samples/month) from sera submitted 
to the Wisconsin Animal Health Laboratory for pseudo
rabies virus testing, and another 1,250 samples (50 
samples approximately every 2 weeks) were collected 
from pigs at the time of slaughter in a commercial abat
toir. Samples of nasal secretions were also collected for 
virus isolation from the slaughter pigs. (The abattoir re
ceived pigs principally from southwest Wisconsin and 
northeast Iowa, and, to a lesser degree, from northwest 
Illinois.) Serum samples were tested by hemagglutina
tion-inhibition (HI) assay against four reference infiuenza 
viruses: 

• A/Swine/Indiana/I726/RX (Sw/IND), a classical 
swine HI N I virus 

• A/Bayern!7 /95 (AlBA Y), a HI N I human influenza 
viruses representative of the viruses circulating in the 
US during the two years prior to our study 

• A/Wuhanj359/95 (A/WUH), a H3N2 human 
influenza viruses representative of the viruses circu
lating in the US during the two years prior to our 
study 

• AlDuck/Alberta!35!76 (Dk/ALB), a well-character-
ized avian HI N I virus 

Nasal swab samples were inoculated into embryonated 
chicken eggs to allow for growth and isolation of influenza 
vIruses. 

A total of 26 influenza viruses were isolated during the 
course of the study, but a distinct seasonal pattern was 
observed. Twenty-four of 26 were obtained from Octo
ber through January, yielding a peak virus recovery rate 
of 16% during that time. Genetic analyses of the HA and 
NP genes of II representative isolates (pairwise compari
sons to prototypical swine, human, and avian viruses, as 
well as phylogenetic estimations of evolutionarily rel,ll
edness) demonstrated that the viruses were derived from 
the classical swine HI virus lineage. Despite this genetic 
conservation, however, substantial antigenic variation 
among the viruses was detected. Hemagglutination-inhi
bition assays, using a panel of four monoclonal antibod
ies previously shown 3

1.54 to recognize distinct epitopes in 
three antigenic sites on the HI HA, revealed eight differ
ent reactivity patterns. In fact, none of the viruses were 
antigenically identical to our reference swine H I virus, 
Sw/IND. Of practical signil1cance, however, all of the 
viruses reacted to the same titer as Sw/IND with sera from 
experimental pigs that had received two doses of 
MaxiVac-Flu1r) (Syntrovet) vaccine. Therefore, the level 
of antigenic drift currently present among swine HI 
influenza viruses in the north-central United States is un
likely to impact the efficacy of the currently-available 
vaccine. However, in order to make rational decisions 
regarding vaccine strain selection in the future, it will be 
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important to continue to monitor the antigenic make-up 
of contemporary swine influenza viruses. 

Several aspects of our serologic findings deserve com
ment. First, 27.7% of pigs were seropositive (HI titer 1:40) 
to Sw/IND. It is likely that the vast majority of these se
ropositive pigs had virus-specific antibodies because of 
previous infection rather than vaccination. Approximately 
nine million doses of MaxiVac-Flu vaccine were sold 
nationwide in 1998 O. McMillen, personal communica
tion J. However. only about 40Ck of the vaccine was used 
in slaughter pigs, the remaining being used in breeding 
animals (R. Sibbel, personal communication). Therefore, 
since lJ2 million pigs went to slaughter in the United States 
in 1997") and 101 million in 1998,1,0 and if animals re
ceived the recommended two doses/animal, and if we 
assume relatively uniform usage throughout the country, 
then only 1.8-2.0CJc of ~laughtered animals would be ex
pected to be seropositive because of vaccination. As such, 
a 27.77c seropositivity rate suggests that HI influenza 
viruses continue to circulate widely within the pig popu
lation of the north-central United States. 

Rates of seropositivity to human and avian HI influenza 
viruses were lower, specifically 3.3CJc to human HI (A/ 
BAY) and 7.6% to avian HI (Dk/ALB). However, these 
rates are significant because they indicate that human HI 
intluenza viruses at least occasionally infect pigs as a re
verse zoonosis and that pigs in the United States are also 
being exposed to avian intluenza viruses. While it is pos
sible that these seropositivity results were due to cross
reactivity following infection with swine H I virus, re
sults of another experiment indicate that this is unlikely. 
Specifically, sera from pigs experimentally infected with 
Sw/IND,c'l and having an HI titer of I :256 to Sw/IND. 
did not contain any detectable antibodies to A/BAY, Dk/ 
ALB or A/WUH. 

Perhaps the most interesting finding from this study was 
that 8.0CJc of the pigs tested positive serologically to hu
man H3 influenza virus. Although H3 viruses have been 
routinely detected among pigs in Asia and Europe.8Q.3c35.41 
infection of pigs in the United States with this SUbtype 
has been rare in the past. I 1.,3 However, in August, 1998, 
an H3N2 intluenza virus was isolated from a pig during a 
severe disease outbreak on a farm in North CarolinaY 
Additional H3N2 viruses were obtained from pigs in 
Texas, Minnesota, and Iowa in November and Decem
ber, 1998,1,7 and from pigs in Iowa, Nebraska, and Minne
sota in March, 1999.53 Genetic characterization of the 1998 
NC, MN, and IA isolates indicated that the HA and NA 
genes from each of these viruses are of human influenza 
virus origin, while the internal protein genes are either all 
of swine virus origin or a mixture of swine and avian vi
rus origin. 67 Likewise, preliminary results indicate that 
the internal NP genes of the 1999 isolates are most closely 
related to those of swine viruses, while the HA genes are 
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from the human influenza virus lineage, and specificaJly 
more closely related to the older A/Wuhan/359/95 strain 
than to the more recent A/Sydney/5/97 strain. 53 

Conclusions 

Atypical influenza viruses have been isolated from swine 
in the US and around the world over the last two decades. 
In some cases (e.g., the unusual HI N7 reassortant virus), 
these were "oddities" of virology that posed little threat 
to the swine industry. In other cases, however, the viruses 
(e.g., the HI N2 viruses in the United Kingdom) became 
important pathogens in the regional swine industry. 

The current level of antigenic drift among the classical 
swine H I viru~es in the United States does not appear to 
be sufficient to require a change in HI vaccine strain. 
However, the degree of antigenic variation in the swine 
H I viruses must be continually monitored if we are to 
stay abreast of ~igni ficant changes in the future. 

Introductions of human and avian influenza viruses into 
the United States swine population pose a risk because of 
the potential for the appearance of SUbtypes of virus to 
which our pigs have little or no immunity. In this regard, 
the emergence in the last year of H3N2 viruses among 
American pig~ presents a real concern for widespread 
influenza epizootics in pigs. These viruses also pose new 
challenges for the swine industry and the veterinary com
munity. Specifically, we need to develop enhanced 
biosecurity approaches to prevent the introduction of hu
man and avian influenza viruses to pigs in the future. We 
must also develop an effective bivalent HI and H3 
influenza virus vaccine to stem the tide of the current H3 
swine influenza epizootic. 

Our serologic results support the fact that pigs in the north
central United States were being exposed to both human 
H3 viruses and avian H I viruses for at least one year prior 
to the first H3N2 isolate from a pig in North Carolina. As 
such. the necessary ingredients were present to generate 
these H3N2 reassortant viruses, and the potential exists 
for the emergence of additional swine/human/avian virus 
reassortants among pigs in the United States in the fu
ture. Furthermore, although the 1998/1999 H3N2 
reassortants contained HA and NA SUbtypes to which 
people have already been exposed, there is no guarantee 
that this will be the case the next time. Generation of a 
reassortant with a non-H I or H3 avian HA would pose 
significant risks for both pigs and people. Therefore, con
tinual aggressive surveillance of swine influenza viruses 
should be included as part of an overall approach to the 
prevention of influenza epizootics in pigs and human 
influenza pandemics. 
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