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A swine influenza virus-like type A (HlNl) virus, designated A/Wisconsin/3523/88, was isolated in September
1988 from a Wisconsin woman who had died with primary viral pneumonia. Antigenic analyses with
hemagglutinin-specific monoclonal antibodies and postinfection ferret serum indicated that the hemagglutinin
of A/Wisconsin/3523/88 was antigenically closely related to viruses currently circulating in swine. Genetic
analysis of the A/Wisconsin/3523/88 virus by RNA fingerprinting and partial RNA sequence analysis of seven
of the eight segments indicated that the genome of the human isolate was similar to that of enzootic swine
viruses. These laboratory data supported the epidemiologic findings that this human infection occurred by
transmission of an enzootic swine influenza virus and that the virus showed no major genetic changes
potentially related to increased pathogenesis.

Human epidemic strains of influenza type A (HlNi and
H3N2) viruses can naturally infect animals that are fre-
quently in contact with humans, for example, pigs and some
species of birds. Also, a reservoir of enzootic swine influ-
enza virus type A (HlNi) exists, and these classical swine
influenza viruses are antigenically distinguishable from type
A (HlN1) strains of human and duck origin (14). Direct
transmission of these enzootic viruses from swine to humans
has occurred occasionaIly since 1975. However, all of the
laboratory-proven cases of swine influenza in humans have
been sporadic, and person-to-person spread of the virus has
rarely been documented (8, 9, 20). It has been proposed that
genetic reassortment between viruses that infect animals and
those that infect humans could occur within animal reser-
voirs. Since such reassortant viruses might have altered
pathogenic potential and could be capable of causing wide-
spread influenza epidemics in humans (14), the epidemio-
logic circumstances of cases of human infection with swine
influenza viruses must be investigated rapidly to evaluate the
potential for further spread of the virus in humans. In
addition, the antigenic and genetic compositions of viruses
that are isolated from these cases should be analyzed to
differentiate between infection by enzootic swine influenza
virus strains and infection by reassortants that might have
acquired new pathogenic potential.

In September 1988, a swine influenza virus-like virus was
isolated from a 32-year-old woman in Wisconsin who had
died of primary viral pneumonia shortly after giving birth.
While attending a county fair, the woman visited an exhibit
where pigs reported to have an influenzalike illness were
housed. Serum specimens from this patient showed a four-
fold rise in antibody titer to swine influenza viruses but not
in antibody titer to recent influenza virus HlN1 strains of
human origin (3). In this report, we describe in greater detail
the antigenic properties of this human isolate, AlWisconsin/
3523/88, and confirm its similarity to viruses currently circu-
lating in swine by examining its total genome.
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Antigenic analyses. The viruses used in this study included
A/Wis/3523/88, which was obtained from the Mayo Clinic;
A/Sw/Ind/1726/88, A/SwIKyI2269/88, and A/Sw/Wis/1915/
88, which were isolated from nasal swabs collected from sick
pigs; and A/Ty/NC/1780/88, which was isolated from lung
tissue from a sick turkey. All other viruses in Tables 1 and 2
were from the virus repositories at the University of Wis-
consin and the Centers for Disease Control. Before being
used in hemagglutination inhibition tests (19), all viruses
were cultivated in 10- to 11-day-old embryonated chicken
eggs.
The antigenic properties of A/Wis/3523/88 were analyzed

in hemagglutination inhibition tests by using a series of
hemagglutinin (HA)-specific monoclonal antibodies that had
been generated against a contemporary swine virus. The
monoclonal antibodies were prepared by immunizing BALB/
c mice intramuscularly with 10,000 HA units of sucrose
gradient-purified A/Sw/Ind/1726/88 virions. Mice were anti-
genically boosted 3 days before removal of their spleens.
Hybridomas were prepared by fusing the immune spleen
cells to NS-1 myeloma cells by the method of Kohler and
Milstein (15). The HA specificity of the hybridomas was
established by radioimmunoprecipitation as previously de-
scribed (13). Hybridomas producing monoclonal antibodies
were cloned twice by limiting dilution and grown as ascites
in BALB/c mice. These monoclonal antibodies could distin-
guish between recent swine influenza virus isolates and
earlier influenza virus HlN1 strains isolated from swine,
birds, and humans (Table 1). The results indicated that the
recent human isolate AIWis/3523/88 was antigenically indis-
tinguishable from viruses currently circulating in swine and
turkeys but could be distinguished from A/New Jersey/8/76,
a swine influenza virus that was isolated from a human in
1976 (8).

Postinfection ferret serum against A/Wis/3523/88 reacted
in hemagglutination inhibition tests with swine influenza
viruses, including viruses isolated from swine and turkeys in
1988, but not with a recent HlN1 virus of human origin.
Also, in tests using ferret serum against a number of swine
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TABLE 1. Antigenic analysis of influenza type A (HlNl) viruses
isolated from humans, swine, and birds with monoclonal

antibodies derived against a recently isolated swine influenza virus

Hemagglutination inhibition titer with
Virus the following monoclonal antibody:

3F2c 7Blb 2Gln 4A12a

Influenza A (HlNl) viruses
A/Sw/Wis/1/61 1,000 1,000 1,000 1,000
A/Sw/Wis/11/76 64,000 64,000 32,000 800
A/Sw/Wis/27/86 16,000 32,000 16,000 800
A/Sw/Wis/1915/88 51,200 25,600 51,200 800
A/Sw/Ind/1726/88 32,000 32,000 32,000 6000
A/Ty/NC/1780/88 16,000 16,000 8,000 1600
A/Dk/Alb/35/76 <100 12,800 12,800 <100
A/Ty/Ks/4880/81 32,000 100 <100 <100

Swine influenza A (HlNl)
viruses

A/NJ/8/76 6,400 800 <100 <100
A/Wis/263/76c 25,600 51,200 51,200 1600
AlWis/3523/88 25,600 12,800 25,600 800

Human influenza A (HlNl) <100 <100 <100 <100
virus A/Chile/1/83
a Isolated from swine and birds.
b Isolated from humans.
C Reference 18.

influenza viruses, AIWis/3523/88 showed a pattern of reac-
tivity that was very similar to those of recent swine influenza
viruses isolated from pigs, turkeys, and humans (Table 2).
Neuraminidase inhibition tests (12; data not shown) indi-

TABLE 2. Antigenic reactivities of influenza A (HlNl) viruses
isolated from swine and humans with postinfection

ferret serum against swine influenza viruses

Hemagglutination inhibition titer with
postinfection ferret antiserum to:

Virus Sw/ Sw/ Sw/ Wis/

lA/ Cam/ Wis/ NJ/ Nev/ 3523/
30 39 67 76 82 88

Influenza A (HlNl)
viruses

A/Sw/IA/15/30 320 <10 40 20 20 40
A/Sw/Cam/39 160 640 160 80 160 160
A/SwIWisIl/67 160 <10 160 40 160 320
A/Sw/Wis/1915/88 640 20 160 320 1,280 1,280
A/Sw/Ind/1726/88 320 40 160 320 1,280 1,280
A/Ty/NC/1780/88 320 40 160 320 1,280 2,560

Swine influenza A (HlNl)
viruses'

A/NJ/8/76 640 80 160 320 2,560 5,120
A/Nevada/101/82d 160 80 160 640 2 5,120
AlWis/3523/88 320 80 160 320 2,560 5

Current human influenza
viruses

A/Chile/1/83 (HlNl) 80 <10 40 <10 <10 10
A/Taiwan/1/86 (HlNl) <10 <10 <10 <10 <10 <10
A/Sichuan/2/87 (H3N2) <10 <10 <10 <10 <10 <10
B/Victoria/2/87 <10 <10 <10 <10 <10 <10

a Ferrets were inoculated intranasally with a 1:10 dilution of influenza virus
in phosphate-buffered saline, and serum samples were obtained from the
animals at 14 days postinfection. The underscored values represent homolo-
gous titers.

b Isolated from swine and birds.
C Isolated from humans.
d Reference 20.

cated that A/Wis/3523/88 contained an Ni neuraminidase
antigen related to that of recently isolated swine influenza
virus. The results (Tables 1 and 2) indicate that virus strain
A/Wis/3523/88 has antigenic properties similar to those of
recently isolated enzootic virus from swine but also establish
that some antigenic drift from previous swine influenza
viruses has occurred.

Genetic analysis. The entire genomes of AIWis/3523/88 and
three recently isolated swine influenza viruses were com-
pared by Tl nuclease digestion of purified viral RNA fol-
lowed by two-dimensional gel electrophoresis as previously
described (5, 6). Analysis of the genomic fingerprints of
A/Wis/3523/88, A/Sw/Wis/1915/88, A/Sw/KyI2269I88, and A/
Sw/Ind/1726/88 indicated that of 60 specific oligonucleotide
spots, AlWis/3523188 had only 4 to 11 spot differences from
the three recent enzootic swine viruses. The fingerprints of
AIWis13523/88, A/Sw/Ind/1726/88, and A/SwIWis/1915/88 are
shown in Fig. 1. The three swine viruses also had 4 to 10 spot
differences among themselves. In contrast, AIWis/3523/88
had 20 spot differences from A/New Jersey/8/76, and the
three swine viruses also differed from A/New Jersey/8/76 by
18 to 21 spots. Therefore, A/Wis/3523/88 showed very strong
overall genetic similarity to the recent swine viruses. The
degree of difference between A/Wis/3523/88 and the other
1988 swine viruses is similar to that observed when human
isolates within one epidemic were compared (Sa, 6, 26).
Tl mapping alone might not have detected viruses having

reassorted M or NS genes, because these segments are quite
conserved and account for relatively few of the oligonucle-
otide spots. Therefore, partial RNA sequence analysis (1,
22) was used to compare the M and NS gene sequences of
AIWis/3523/88 with those of A/Sw/Ind/1726/88 and A/Sw/
Wis/1915/88. Segment-specific primers for sequencingM and
NS genes were based on the published sequences of H3N2
viruses and have been previously. described (7). Table 3
summarizes the results of partial sequence analysis, which
indicated that the M and NS genes of AlWis/3523/88 had a
high degree of nucleotide homology with the M and NS

TABLE 3. Partial sequence analysis of AlWis/3523/88
% of % Homology

Gene and strain AlWis/3523/88 to indicated
sequenced gene

PA; AISwITN/26/77a 82 96

PB1; A/Sw/Ont/2/81a 74 97

HA1
A/Sw/Ind/1726/88 100 99
A/Sw/Wi/1915/88 100 99
AINJ/8/76 100 94

NP; A/SwITN/26/77a 22 98

NA; A/Sw/Hok/2/81l 93 97

M
A/Sw/Ind/1726/88 16 100
A/Sw/Wi/1915/88 16 100
A/Sw/IA/15/30a 34 92

NS
A/SW/Ind/1726/88 21 98
A/Sw/Wi/1915/88 21 97
A/Sw/Ont/2/81a 98 98

a This comparison was based on sequences obtained from cDNA clones of
A/Wis/3523/88; all others were based on sequences obtained from viral RNA.
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FIG. 1. Genomic comparison of AIWis/3523188 with recently isolated enzootic swine viruses. RNA fingerprints were prepared as described
by Cox et al. (5). Panels A to C show the fingerprints of A/Sw/Ind/1726/88, A/Sw/Wis/1915/88, and AIWis/3523/88, respectively. Panel D shows
a spot comparison between A/Wis/3523/88 and A/SwIWis/1915/88; the dark areas represent spots common to the two viruses, and the open
circles represent spots unique to A/Wis/3523/88.

genes of the other two 1988 swine viruses. In addition,
full-length cDNA clones of the PA, PB1, NA, NP, M, and
NS genes of A/Wis/3523/88 were constructed by reverse
transcription of virion RNA by previously described meth-
ods (10). Partial sequences obtained from each of the clones
(4) had strong homology to the sequence of the same gene of
other swine influenza viruses (Table 3). These results con-
firm the swine origin of these genes and, in combination with
the antigenic analyses and oligonucleotide map patterns, rule
out the possibility that A/Wis/3523/88 is a reassortant virus
containing genes from contemporary human influenza virus
strains.

Previous investigations have shown that changes at cer-
tain locations in the HA1 domain of the gene for HA can
affect the host range and pathogenicity of influenza viruses
which infect animals (11, 17, 24). Therefore, we sequenced
the HA1 domain of the HA-encoding genes of AIWisI3523/88
and the two other swine viruses, A/Sw/Ind/1726/88 and
A/Sw/Wis/1915/88 (Table 3). A/Wis/3523/88 had 99% nucle-
otide homology to the HA-encoding genes of the recent
swine viruses and 94% nucleotide homology to A/New
Jersey/8/76, which was isolated 12 years previously (2). The
predicted amino acid sequences (data not shown) of the HA1
domains of AIWis/3523/88 and the enzootic swine viruses
revealed no differences which could affect the potential
glycosylation or the receptor-binding ability of the molecule

(2, 16, 21, 25). However, since the RNA was purified from
virus grown in eggs, it is possible that subpopulations of
virus that may grow preferentially in mammalian cell culture
were not represented.
The results of this laboratory investigation demonstrate

that AIWis/3523/88 is representative of the enzootic type A
(HlNl) viruses that currently circulate in U.S. swine, and
they support the epidemiological data suggesting that this
case in Wisconsin was caused by transmission of an enzootic
swine virus to a human. These laboratory results correspond
to those of the investigation (20) of a fatal case of swine
influenza in 1982. In that case, a swine influenza virus
isolated from the patient was shown by antigenic and RNA
fingerprinting analyses to be very similar to a virus isolated
from pigs in 1980, although direct contact with swine could
not be established. The conclusions of our current report
support those of previous investigations which indicated that
enzootic swine influenza viruses can infect humans and
cause disease that is sometimes fatal.

Laboratory studies have failed to reveal any unusual
genetic properties in swine influenza viruses isolated from
humans, including some from fatal infections, that suggest
that changes are occurring in the virus that affect its potential
to cause disease in humans. Rather, it it more likely that the
unusual epidemiological or clinical circumstances of the
patient are responsible for severe disease. For example, in
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the 1982 study (20), the swine influenza virus was isolated
from an immunosuppressed child. A case of fatal swine
influenza was also reported in 1974 in a child who had
Hodgkin's disease (23). Furthermore, in all the cases of
swine influenza in humans that have been investigated since
1974, the person-to-person spread of the swine virus has
been very limited (9, 20, 23). Therefore, although enzootic
swine viruses can infect humans, they have been unable to
cause widespread disease in humans (8). Because of the high
mutagenic potential of influenza viruses, it is necessary to
continue to analyze viruses isolated from new cases of swine
influenza that occur in humans to detect any viruses which
may have acquired greater potential to cause widespread
disease.
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