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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 ( H s w l N 1 )  but  two viruses isolated from the nasal 
swabs of swine showing clinical signs of influenza in the Kanagawa prefecture 
were characterized antigcnically as Hsw 1N2. Analysis of swine sera showed tha t  
influenza virus Hsw 1 N2 was epidemic in the farm from which the virus had been 
isolated. The new virus (Hsw 1 N2) seems to have been produced by  recombina- 
t ion between swine influenza virus (Hswl N1) and Hong Kong influenza virus 
(H3N2) .  

Swine influenza, had not existed for a long t ime 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 J apan  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 (Hsw 1 N 1). 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 erythroeytes. 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 
a.ecording to the procedure described by WEBST~ (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 
(tt0N1), A/FM/1/47 (H1N1), A/Singapore/l/57 (H2N2), A/equine/Praque/l/56 
(Heq 1 Neq 1), A/equine/Miami/1/63 (IIeq 2 Neq 2), A/FPV/Dutch/27 (Hav i Neq 1), 
A/chicken/Germany "N"/49 (Hay2, Neq 1), A/duck/England/56 (Hav3Nav 1), 
A/duck/Czech./56 (Hav4, Nay 1), A/tern/South Africa/i/61 (Hav5Nav2), A/ 
turkey/Mass./65 (Hav6N2), A/duck/Ukraine/l/63 (Hav7Neq2), A/turkey/0n- 
tario/6118/68 (HavSNav4), and A/turkey/Wisconsin/66 (Hav9N2). Haemag- 
glutination by the new isolates was inhibited with antiserum to A/swine/Wiscon- 
sin/15/30 (Hsw 1 N 1), but not inhibited by antisera to other reference strains. 

Table 1. Characterization o] the haemagglutinin antigen o/ A/swine/Kanagawa/1/78 and 
A /swine / Kanagawa / 2 / 7 8 

Antisera to 

HI  titers against influenza viruses 

A/swine/ A/swine/ A/swine/ A/swine/ A/ 
Kanagawa/ Kanagawa/ Wisconsin/ Shizuoka/ Aichi/  
1/78 2/78 15/30 1/78 68 

A/swine/Kanagawa/1 / 78 1280 1280 320 640 < 40  
(Hsw 1 N 2) 
A/swine/Kanagawa/2/78 640 1280 160 160 <40  
(Hsw 1N 2) 
A/swine/Wisconsin/15/30 320 160 1280 i60 <40  
(I-Isw 1N 1) 
A/swine/Shizuoka/1/78 1280 1280 640 1280 <40  
(I-Isw 1N 1 ) 
A/Aiehi/2/68 < 40 < 40 < 40 < 40 640 
(H 3 N 2) 

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

Table 2. Characterization o] the neuraminidase antigen o/A/swine/Kanagawa/1/78 and 
A/8wine/Kanagawa/2/78 

Viruses 

Antisera to 

A/ 
A/Aichi/ U.S.S.R. 
2/68 92/77 
(I-I 3N2) (I-I 1N 1) 

A/swine/ 
Wisconsin/ 
15/30 
H s w l N 1 )  

A/swine/Kanagawa/1 / 78 3,500 < 40 < 40 
A/swine/Kanagawa/2/78 4,000 <40 <40 
A/Aiehi/2/78 (H3N2) 32,000 < 40  < 40  
A/U.S.S.lZ./92/77 ( H I N 1 )  <40  256 < 40  
A/swine/%Visconsin/15/30 (Hsw 1N 1) < 40 < 40 12,000 

Antisera to A/Aichi/2/68 were prepared with isolated neuraminidase. 
Antisera to A/U.S.S.R./92/77 and A/swine/Wisconsin/t5/30 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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F u r t h e r  s tudies  were carr ied ou t  for iden t i f ica t ion  of the  an t igen ic i ty  of the  
new isolates as shown in Table  1. H a e m a g g l u t i n a t i o n  b y  A/swine /Kanagawa/1 /78  
and  A/swine /Kanagawa/2 /78  viruses was inh ib i t ed  b y  an t i se ra  to  A/swine/Wis-  
consin/15/30 ( H s w l N 1 )  and  A/swine/Shizuoka/1/78 ( H s w l N 1 )  isola ted  recen t ly  
in J a p a n .  Accordingly ,  the  haemagg lu t in in  of the  isolates was charac te r ized  as 
Hsw 1. N I  tes ts  for charac te r iza t ion  of the  neuramin idase  of isolates was carr ied  
ou t  using the  soluble an t igen  r e p o r t e d  b y  R v s s  (3). Neuramin idase  a c t i v i t y  of 
the  isolates  was inh ib i ted  only  b y  an t i se rum to A / A i c h i / 2 / 6 8  (I-I3N2).  

F u r t h e r  s tudies  on the  charac te r iza t ion  of the  neuramin idase  of the  isolates 
were then  carr ied out.  The  a c t i v i t y  of isolates  was inh ib i ted  b y  an t i se ra  to  pur i f ied 
neuramin idase  of A/Aichi /2/68 ( H 3 N 2 ) ,  b u t  i t  was not. inh ib i t ed  b y  A/U.S .S .R . /  
92/77 ( H 1 N 1 )  and  A/swine/Wisconsin/15/30 ( H s w l N l ) ,  as shown in Table  2. 
Therefore,  the  sub type  of the  isolates was ident i f ied  as H s w l  N2,  and  n a m e d  as 
A/swine /Kanagawa/1 /78  (Hsw 1 N2)  and  A/swine /Kanagawa/2 /78  (Hsw 1 N2) .  

Acu te  and  convalescent  sera of swine were collected in the  f a rm where the  
vi rus  (Hsw 1 N2)  had  been i so la ted  and  H I  and  N I  a n t i b o d y  t i te rs  were measured  
(Table 3). Acu te  sera (No. 1 - -6 )  d id  no t  possess a n t i b o d y  to a n y  of the  ant igens ,  
however,  convalescent  sera  (No. 7 - -11) ,  possessed bo th  H I  and  N I  an t ibody .  H I  

Table 3 .  H I  and N I  titers o / s w i n e  sera collected on t h e / a r m  ]rom which H s w  l N 2 viruses 
were isolated 

Heamagglutinat ion-inhibit ion t i ter  
Serum no. 

Antigens 1 2 3 4 5 6 7 8 9 I 0 1 t 

A/swine/Kanagawa/1/78 (Hsw 1 N 2) 
A/swine/Kanagawa/2/78 (Hsw 1 N 2) 
A/swine/Wisconsin/15/30 (Hsw 1 N t) 
A/swine/Shizuoka/1/78 (Hsw 1N 1) 
A/Aichi/2/78 (H 3 N 2) 
A/Tokyo/6/73 (H 3N 2) 
A/Kumamoto/22/76 (H 3 N 2) 
A/Yamanashi/2/77 (H 3N 2) 

80 320 80 160 160 
80 640 80 160 160 
40 160 80 80 40 
80 320 80 160 160 
10 20 - 20 10 
10 40 -- 40 40 

20 -- 40 20 
10 - -  t0 10 

Antigens 

Neuraminidase inhibition t i ter  
Serum no. 

1 2 3 4 5 6 7 8 9 10 11 

A/swine/Kanagawa/1/78 (Hsw 1 N 2) 
A/swine/Kanagawa/2/78 (Hsw 1 N 2) 
A/swine/Wisconsin/t 5/30 (Hsw 1 N 1) 
A/swine/Shizuoka/1/78 (Hsw 1N 1) 
A/Aichi/2/78 (I-I 3 N 2) 
A/Tokyo/6/73 (I-I 3N 2) 
A/Kumamoto/22/76 (H 3N 2) 
A/Yamanashi/2/77 (H3N2)  

70 200 50 40 80 
50 200 40 40 70 

32 32 8 . . . . .  
64 80 10 12 14 
18 20 6 12 8 
16 6 6 14 12 

Swine sera No. i----.6 were acute sera, No. 7--11 were convalescent sera 

-- shows HI titer of <i0 or NI titer of <4 

Values represent the reciprocal of the dilution of sera 
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t i t e r s  were high to  swine inf luenza virus  (Hsw 1 N 1) and  low to Hong  Kong  influ- 
enza vi rus  ( H 3 N 2 ) .  N I  t i te rs  were de tec ted  when Hong  Kong  influenza viruses 
were used as ant igen,  bu t  could not  be detec ted ,  when swine inf luenza virus  was 
used. F r o m  these resul ts  i t  was concluded t h a t  H s w l N 2  virus  was epidemic in 
swine on the  farm.  Low H I  t i te rs  to  Hong  Kong  influenza viruses might  be due  
to  steric effects of the  neuraminidase  ant igen.  

The  impor tance  of inf luenza A viruses in an imals  and  birds  has not  been 
elucidated.  Lower  animals  and  birds are suspected  to be i m p o r t a n t  in the  origin 
of new pademie  s t ra ins  of h u m a n  inf luenza viruses (1). The Hong  Kong  inf luenza 
virus,  A / swine /Wadayama /5 /68  (H 3 N  2), was isola ted  from swine showing clinical 
signs of swine influenza, in  1968 (4). A n t i b o d y  to Hong  Kong  inf luenza vi rus  has 
been de tec ted  in abou t  10 per  cent  of swine in J a p a n  (5). Recent ly ,  swine inf luenza 
vi rus  i nvaded  and  spread  in J a p a n  (5, 7). I t  is possible t h a t  swine were s imul ta-  
neously  infected wi th  bo th  the  swine inf luenza and  Hong  Kong  inf luenza viruses 
and  t h a t  ant igenic  hybr id s  ( recombinants)  were thus  produced.  W~BSTE~ et aI. (6) 
p roduced  reeombinan t s  in  swine expe r imen ta l ly  infected wi th  Hong  Kong  and  
swine influenza viruses. The present  r epor t  proves t h a t  r eeombinan t s  be tween 
these two viruses occur in swine under  na tu r a l  condit ions and  t h a t  the  recombinan ts  
can be t r a n s m i t t e d  among swine. 
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