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Summary

Outbreaks of swine influenza were first observed in Japan in 1978. A number
of influenza viruses were isolated from diseased swine. Almost all viruses isolated
were swine influenza virus (Hsw1N1) but two viruses isolated from the nasal
swabs of swine showing clinical signs of influenza in the Kanagawa prefecture
were characterized antigenically as Hsw1N2. Analysis of swine sera showed that
influenza virus Hsw 1 N 2 was epidemic in the farm from which the virus had been
isolated. The new virus (Hsw1N2) seems to have been produced by recombina-
tion between swine influenza virus (Hsw1N1) and Hong Kong influenza virus
(H3N2).

*

Swine influenza had not existed for a long time in Japan. Antibody to swine
influenza virus (Hsw 1N 1), however, was detected in swine sera in 1977, and swine
influenza virus spread through most of Japan since then. Outbreaks of swine
influenza with typical signs were reported in some prefectures in 1978. The out-
breaks were confirmed to be swine influenza by serological studies and the isola-
tion of swine influenza virus (Hsw1N1). Two strains isolated from swine showing
clinical signs of disease in the Kanagawa prefecture were different antigenically
from other isolates. This report describes some characteristics of the new isolates.

The clinical symptoms of swine from which the new isolates were obtained were
similar to typical swine influenza. Diseased swine lay crowded together, coughed
when they were moved or handled, and showed anorexia, extreme weakness, fever,
and prostration. Nasal swabs for virus isolation were obtained from four swine
on the first day of the disease. Virus isolation was carried out by inoculation into
the amniotic cavity of 10-day-old chick embryos. Isolation of virus was detected
by haemagglutination of chick erythrocytes. Identification of the viruses was
carried out by haemagglutination-inhibition (HI) and neuraminidase inhibition
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{NI) tests (2), using rabbit antisera to each subtype virus of influenza A viruses
aceording to the procedure described by WEBsTER (6).

Two haemagglutinating agents were isolated from four nasal swabs. These
isolates were named A/swine/Kanagawa/1/78 and A/swine/Kanagawa/2/78.
Reference strains used for production of antisera were as follows: A/PR/8/34
(HON1), A/FM/1/47 (H1N1), A/Singapore/1/67 (H2N2), Alequine/Praque/1/56
{Heq1Neq1), Alequine/Miami/1/63 (Heq2Neq2), A/FPV/Dutch/27 (Hav1Neq1),
Ajchicken/Germany “N”/49 (Hav2, Neql), A/duck/England/56 (Hav3Navl),
Afduck/Czech./56 (Hav4, Navl), Aftern/South Africa/1/61 (Hav5Nav2), A/
turkey/Mass./65 (Hav6N2), A/duck/Ukraine/1/63 (Hav7Neq2), Afturkey/On-
tario/6118/68 (Hav8Nav4), and Afturkey/Wisconsin/66 (HavON2). Haemag-
glutination by the new isolates was inhibited with antiserum to A/swine/Wiscon-
sinf/15/30 (Hsw1N1), but not inhibited by antisera to other reference strains.

Table 1. Characterization of the haemagglutinin antigen of A [swine/Kanagawa(l]78 and
A [swine]Kanagawa/2]78

HIT titers against influenza viruses

A/swine/  Afswine/ A/swine/ Alswine/ A/
Kanagawa/ Kanagawa/ Wisconsin/ Shizuoka/ Aichif

Antisera to 1/78 2/18 15/30 1/78 68
A/swine/Kanagawa/1/78 1280 1280 320 640 <40
{HswiN2)

A/swine/Kanagawa/2/78 640 1280 160 160 <40
{Hsw 1N 2)

A fswine/Wisconsin/15/30 320 160 1280 160 < 40
(HswiN1)

A/swine/Shizuocka/1/78 1280 1280 640 1280 <40
(Hswi1N1)

A/Aichi/2/68 <40 <40 <40 <40 640
(H3N2)

Values represent reciprocals of the serum dilution.
A/swine/Shizuoka/1/78 (Hsw 1N 1) is the first swine influenza virus isolated in Japan

Table 2. Characterization of the neuraminidase antigen of A[swine/Kanagawall]78 and
Ajswine/Kanagawa[2]78

Antisera to

A/ A/swine/

A/Aichi/ U.8.8.R./, Wisconsin/

2/68 92/77 15/30
Viruses (H3N2) (H1N1) {(Hsw 1N 1)
A/swine/Kanagawa/1/78 3,500 <40 <40
A/swine/Kanagawa/2/78 4,000 <40 <40
AJAichi/2/78 (H3N2) 32,000 < 40 < 40
A/USS.R./92/TT (HIN1) <40 256 < 40
Ajswine/Wisconsin/15/30 (Hsw {N 1) <40 < 40 12,000

Antisera to A/Aichi/2/68 were prepared with isclated neuraminidase.
Antisera to A/U.8.8.R./92/77 and A/swine/Wisconsin/15/30 were prepared against
whole virus. Antigens for the neuraminidase inhibition test were prepared as described
by Russ et al. (3). Values represent the reciprocal of the dilution causing 50 per cent

inhibition of virus neuraminidase giving an approximate O.D. value of 0.50
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Further studies were carried out for identification of the antigenicity of the
new isolates as shown in Table 1. Haemagglutination by A/swine/Kanagawa/1/78
and A/swine/Kanagawa/2/78 viruses was inhibited by antisera to A/swine/Wis-
consin/15/30 (Hsw1N1) and A/swine/Shizuoka/1/78 (Hsw1N1) isolated recently
in Japan. Accordingly, the haemagglutinin of the isolates was characterized as
Hsw1. NT tests for characterization of the neuraminidase of isolates was carried
out using the soluble antigen reported by Russ (3). Neuraminidase activity of
the isolates was inhibited only by antiserum to A/Aichi/2/68 (H3N2).

Further studies on the characterization of the neuraminidase of the isolates
were then carried out. The activity of isolates was inhibited by antisera to purified
neuraminidase of A/Aichi/2/68 (H3N2), but it was not inhibited by A/USS.R./
92/77 (H1N1) and A/swine/Wisconsin/15/30 (Hsw1N1), as shown in Table 2.
Therefore, the subtype of the isolates was identified as Hsw1N2, and named as
Ajswine/Kanagawa/1/78 (Hsw1N2) and A/swine/Kanagawa/2/78 (HswiN2).

Acute and convalescent sera of swine were collected in the farm where the
virus (Hsw 1 N 2) had been isolated and HI and NI antibody titers were measured
(Table 3). Acute sera (No. 1-—6) did not possess antibody to any of the antigens,
however, convalescent sera (No. 7—11), possessed both HI and NI antibody. HI

Table 3. HI and NI titers of swine sera collected on the farm from which Hsw 1N 2 viruses
were isolated

Heamagglutination-inhibition titer

Serum no.

Antigens t 2 3 4 5 6 7 8 9 10 11

A/swine/Kanagawa/1/78 (Hswi1N2) — — — — — — 80 320 80 160 160
A/swine/Kanagawa/2/78 (HswiIN2) — — — ~— — — 80 640 80 160 160
A/swine/Wisconsin/15/30 (HswiN1) — — — — — —~ 40 160 80 80 40
A/swine/Shizuoka/1/78 (HswiNi) — — — — — — 80 320 80 160 160
A/Aichi/2/78 (H3N 2) - - = = — — 10 20 - 20 10
A/Tokyo/6/73 (H3N2) — = = = — — 10 40 — 40 40
A/Kumamoto/22/76 (H3N 2) — e e — — 20— 40 20
A/Yamanashi/2/77 (H3N 2) _ - = - — — — 10 - 10 10

Neuraminidase inhibition titer

Serum no.
Antigens 1 2 3 4 5 6 7 8 9 10 11
A/swine/Kanagawa/1/78 (Hswi1N2) — — — — — — 70 200 50 40 80
A/swine/Kanagawa/2/78 (HswiN2) — — — — — — 50 200 40 40 70
Ajswine/Wisconsin/15/30 (HswiN1) — — — — — — — — — — ..
A/swine/Shizuoka/1/78 (Hsw1N1) - = = e = = =
A/Aichi/2/78 (H3N 2) - = = - — - 32 32 8 — -
A/Tokyo/6/73 (H3N 2) - - — — — — 64 80 10 12 14
A/Kumamoto/22/76 (H3N2) - - - - — — 18 20 6 12 8
A/Yamanashi/2/77 (H3N2) - = = - — — 16 6 6 14 12

Swine sera No. 1-—6 were acute sera, No. 7—11 were convalescent sera
— shows HI siter of <10 or NI titer of <4
Values represent the reciprocal of the dilution of sera
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titers were high to swine influenza virus (Hsw1N 1) and low to Hong Kong influ-
enza virus (H3N2). NI titers were detected when Hong Kong influenza viruses
were used as antigen, but could not be detected, when swine influenza virus was
used. From these results it was concluded that Hsw1N2 virus was epidemic in
swine on the farm. Low HI titers to Hong Kong influenza viruses might be due
to steric effects of the neuraminidase antigen.

The importance of influenza A viruses in animals and birds has not been
elucidated. Lower animals and birds are suspected to be important in the origin
of new pademic strains of human influenza viruses (1). The Hong Kong influenza
virus, Ajswine/Wadayama/5/68 (H3N2), was isolated from swine showing clinical
signs of swine influenza in 1968 (4). Antibody to Hong Kong influenza virus has
been detected in about 10 per cent of swine in Japan (5). Recently, swine influenza
virus invaded and spread in Japan (5, 7). It is possible that swine were simulta-
neously infected with both the swine influenza and Hong Kong influenza viruses
and that antigenic hybrids (recombinants) were thus produced. WEBSTER ef al. (6)
produced recombinants in swine experimentally infected with Hong Kong and
swine influenza viruses. The present report proves that recombinants between
these two viruses occur in swine under natural conditions and that the recombinants
can be transmitted among swine.
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