
Archives of Virology 86, 197--211 (1985) 
Archives of Virology 
© by Springer-Verlag 1985 

Characterization of a 1980-Swine Recombinant Influenza Virus 
Possessin 9 H 1 Hemaflglutinin and N2 Neuraminidase Similar 

to that of the Earliest Hon 9 Kon 9 (H3N2)  Virus 

By 

K. NnROME, Y. Yos:~IIOI~A I, S. SA]~AMOTO 2, I-I. ~J/ASUIIARA 3, and A. OrA 1 

i ]Department of Virology and l~ickettsiology, National Institute of l-lealth, 
Shinagawa-ku, Tokyo 

The Chemo-Sero-Therapeutic Research Institute, 
Shimizu, Kumamoto 

3 Kyot, o Bikcn Laboratories, 
Uji, Kyot.o, Japan 

Vgith 3 Figures 

Accepted March 11, 1985 

Summary 
A recombinant (H1N2, formerly HswlN2), A/swine/Ehime/1/80 was 

found to possess antigenic, biological and genomic characteristics different 
from those of a previous A/swine/Kanagawa/2/78 (H 1 N2) strain (22). Five 
monoelonal antibodies to A/NJ/8/76 definitely differentiated the hem- 
agglutinin molecules of the former virus from the latter, showing that these 
viruses differed, at least, at two antigenic determinants. Neuraminidase- 
inhibition tests with monocIonal antibodies to different H2N2 and H3N2 
viruses revealed that the A/swine/Ehime/1/80 strain contained a neuraminid- 
ase very similar to that of the late human Asian (H2N2) and the earliest 
Hong Kong (H3N2) viruses. Growth comparison of swine and human 
isolates indicated that A/swine/Ehime/1/80 and A/swine/Shizuoka/1/78 
(H1N1) failed to grow at 42°C, while A/swine/Kanagawa/2/78 and its 
possible parental virus, A/swine/Kanagawa/4/78 (H1N1) replicated effi- 
ciently at this stringent temperature. These results revealed that the viruses 
having growth characteristics similar to those of avian influenza virus were 
present in the swine population. RNA analysis by oligonucleotide mapping 
suggested that A/swine/Ehime/1/80 may be a recombinant between A/swine/ 
Shizuoka/1/78-like and A/Aichi/2/68 (H 3 N 2)-like viruses. To further deter- 
mine the gene constellation of this recombinant virus, DNA-RNA hybridiza- 
tion was performed by using DN\4_ segments complementary for swine 
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(H1N1)  virus I~NA and the entire I{NAs of three viruses. The molecular 
hybridization could define the genomic composition of the recombinant, 
indicating that  only the neuraminidase gene of this virus is derived from 
the earliest Hong Kong (H 3 N2)-like virus and remaining seven genes from 
swine (H 1 N 1) virus. 

Introduction 

While outbreaks of clinical influenza had been recorded in many countries 
before 1900 (37), an epidemiologicM relationship between human and animal 
influenza was first suggested based on 1918/19 outbreaks of human and swine 
influenza in the Mid-West of the U.S.A. by  KOE~ (14). The subsequent virus 
isolation from swine in 1930 (31, 32) and confirmatory serological evidence 
of infection of man with this virus established with certainty a close rela- 
tionship between human and swine influenza (8, 33), indicating that  swine 
( H I N 1 )  virus was the causative agent which had been prevalent in man 
during the period of 1918--1924. Since then swine have been considered 
largely as a key to understand the human influenza epidemics, but  the sudden 
appearance of A/Hong Kong (H3N2)  influenza virus in man brought 
research worker's attention to the bird world due to the following evidence: 
The hemagglutinin gene of this pandemic strain appeared to be derived 
h'om an avian virus but. the remaining seven genes were from the preceeding 
human Asian (H 2N2) virus (30). Recently a large-scale virological surveil- 
lance of lower animals and birds revealed that  numerous influenza A virus 
subtypes and their variants, which were antigenically related to human 
epidemic strains, have been conserved in the avian population (11, 13, 17), 
suggesting potential hosts for elucidation of natural history of influenza 
virus. However, antigenic and genomic analyses of Asian and A/Hong Kong 
viruses strongly suggested that  genetic reassortment may be an essential 
mechanism by  which new pandemic viruses appear in man (7, 16, 30). 
~¥ith the exception of one report (4), there is no direct evidence that  men 
have been infected naturally with avian influenza viruses without genetic 
reassortment. Although the viruses distributed in the avian population may 
act as the source of new virus which produces pandemic influenza in man, 
it may be that  a change of gene composition of these viruses is necessary 
to cross the host barrier and infect the human population. I t  is also of 
interest that  swine have been infected with the viruses originating from 
avian population (26). Moreover, numerous isolations of H 3 N 2  virus from 
swine, which were related antigenically and genetically to different variants 
of human virus (10, 15, 21, 29, 34, 35, 36) have made swine an important 
reservoir as the place where genetic reassortment could occur in nature. 
In a previous paper we revealed that  a recombinant isolated from a pig 
contained the neuraminidase gene from a human Victoria (H3N2)-like 
strain and the remMnder from swine (H 1 N 1) virus (22). In 1980 some (tt.Y.) 
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of  us  also i so la ted  a n o t h e r  r e c o m b i n a n t  v i rus  possess ing H i  ( s w i )  h e m -  

agg lu t in in  a n d  N 2  n e u r a m i n i d a s c  f r o m  a p ig  in E h i m e  prefec ture ,  J a p a n  (38). 

I n  t h e  p r e se n t  c o m m u n i c a t i o n  we  descr ibe  ant igenic ,  biological  a n d  

genomic  charac te r i s t i cs  of t he  a b o v e  r e c o m b i n a n t  v i rus  f r o m  1980 in J a p a n  

a n d  discuss  t h e  s ignif icance of  i so la t ion  of  th is  v i rus  on  t he  basis  of compar i -  

son w i t h  charac te r i s t i c s  of a p r ev ious  r e c o m b i n a n t  f r o m  1978 (22). 

M a t e r i a l s  a n d  M e t h o d s  

V~ruses 

Ten H 1 N I  (formerly H s w l N 1 )  and two H1 (swl)N2 recombinant viruses 
isolated from swine in Japaa  &Jring the period of 1978--1980 were employed in the 
present studies : A/sw/Shimane/1/78 (I~I 1N 1), A/sw/Shizuoka/1/78 (H 1N 1), A/sw/ 
Kanagawa/4/78 (H 1N 1), A/sw/Niigata/1/78 (H 1N t), A/sw/Fukuoka/1/78 (H 1 N 1), 
A/sw/Toyama/1/78 (H 1N 1), A/sw/Sawara/1/78 (H 1N 1), A/sw/Kobe/1/80 (H 1N 1), 
A/sw/Kobe/3/80 (H t N 1), A/sw/Kobe/4/80 (H 1 N 1 ), A/sw/Kanagawa/2/78 (H 1 N 2), 
A/sw/Ehime/1/80 (H1N2).  In  addition to the above viruses, the following human 
and swine viruses were subjected to different anMyses: A/Aichi/2/68 (H3N2),  
A/Kumamoto/22/76 (H 3N 2), A/sw/VVadayama/5/69 (H 3N 2), A/sw/Hong Kong/3/76 
(H3N2),  A/sw/Hong Kong/4/76 (H3N2),  A/sw/ttong Kong/6/76 (H3N2),  A/sw/ 
Bangkok/9/79 (H3N2).  All viruses were grown in the Mlantoie cavity of l l -day-old 
fertile hen's eggs. 

Hernagglutination-Inhibition (HI)  Tests 

H I  tests were performed in a reduced volume using disposable microtiter-U-plates, 
and 0.5 per cent chicken red blood cells. 

Neuraminidase-Inhibition (N! )  Tests 

NI tests with monoclonal antibodies were done according to the methods described 
by A¥)~A~D-HE~Y et al. (2), but  the diluent contained 0.5 per cent Triton X-100 to 
expose efficiently the antigenic determinants of neuraminidase molecules (28). 

Monoelonal A~tibodies 

All monoclonal antibodies to hemagg]utinin of A/NJ/8/76 ( H i N t ) ,  and to 
neuraminidases of different I-I2N2 and H 3 N 2  viruses were kindly provided by 
Dr. R. G. Webster. 

Growth Experiments 

MDCt~ cell monolayers were used in. comparative growth tests at 37 ° and 42 ° C, 
and experimental conditions were the same as in a previous report (23). 

Oligonucleotide Mapping 

The whole virM I~NAs were extracted, from highly purified egg-grown viruses by 
the hot-phenol method (24, 27). Approximately 5 ~g amounts of these RNAs were 
digested with T1 ribonuctease (Sankyo Co., Ltd.,  Japan) and the 5'-ends were 
labelled with (y.~2p) ATP (>5000 Ci/mmol; Amersham, England) using T4 poly- 
nueleotide kinase (Boehringer, Mannheim) (3, 19). Two dimensional separation of the 
labelled oligonueleotides were performed by the methods described previousIy (6, i9, 
25). I-Iowever, Tris-borate buffer (50 m~) was used in the second dimension of 
eleetrophoresis, and the second dimension was conducted by running from top to 
bot tom (23). 

14 Arch. Virol. 86/3--4 
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DNA- RNA Hybridization 
For molecular hybridization, DNA complementary (c) to the total I~NAs of 

A/sw/Kanagawa/4/78 ( I t l N 1 )  was synthesized in the presence of avian myelo- 
blastosis virus reverse transcriptase (Life Sciences, St. Petersburg, Fla., U.S.A.) by 
using a dodecadeoxyribonucleotide primer (AGCAAAAGCAGG) a~ad (~.a2p) dCTP 
(Amersham, England) as described (5). 

Synthesized cDNA was fractionated on 7 M-urea-4 per cent polyacrylamide gel 
electrophoresis and the separated cDNA segments were eluted according to the 
methods described in a previous paper (22). Six ng of each eI)NA segment was used 
in liquid DNA-RNA hybridization tests, and experimental conditions were described 
in previous papers (1, 22). Increased concentrations of whole viral RNAs were used 
in these tests to obtain the desired C~t (concentration of RNA in mol/1 x time in 
seeouds). 

Results 

Antigenic Analysis  o / the  Hemagglutinin o/ the  Isolates/rom Swine 

A l t h o u g h  a r e c o m b i n a n t ,  A / s w / E h i m e / 1 / 8 0  s t r a i n  was  a l r e a d y  i d e n t i f i e d  

as H i  ( s w l )  N 2  s u b t y p e ,  to  k n o w  the  poss ib le  p a r e n t a l  v i rus  we f u r t h e r  

c o m p a r e d  in  de ta i l  t h e  h e m a g g l u t i n i n  a n t i g e n  of th i s  r e c o m b i n a n t  a n d  

9 s t r a in s  of swine  ( H I N 1 )  i n f l u e n z a  v i rus  us ing  m o n o c l o n a l  a n t i b o d i e s  a n d  

p o s t - i n f e c t i o n  fe r re t  se rum.  T h e  resu l t s  are show n  in  T a b l e  1. H e m a g g l u t i n a t -  

i ng  a c t i v i t y  of all  v i ruses  was  i n h i b i t e d  to  s imi la r  levels  b y  a fe r re t  a n t i s e r u m ,  

i n d i c a t i n g  close a n t i g e n i c  r e l a t ednes s  to  each  o ther .  H o w e v e r ,  f ive m o n o -  

Table 1. Antigenic analysis o] the hemagglutinin antigens of a recombinant and swine 
influenza viruses in Japan by post-injection ]erret serum and monoclonal antibodies 

]!~erret 
HI titers serum 

A/NJ/ Monoclonal antibodies Antigenic 

Test viruses 8/76 6 / l a  117/2 72/3 40/3 36/3 subtypes 

sw/Ehime/1/80 1280 6400 --~ -- 3200 3200 I-I 1N2 

sw/Shimane/1/78 1280 6400 -- -- 3200 3200 H 1N 1 
sw/Shizuoka/t/78 1280 6400 -- -- 1600 3200 I~ i N 1 
sw/Niigata/1/78 1280 6400 6400 6400 3200 3200 H 1N 1 
sw/Fukuoka/1/78 t280 6400 6400 6400 3200 3200 I-I 1NI  
sw/Toyama/1/78 1280 6400 6400 6400 3200 3200 H 1N i 
sw/Sawara/80 1280 6400 6400 6400 1600 3200 H 1N 1 
sw/Kobe/1/80 b 2560 6400 6400 6400 1600 3200 H 1N 1 
sw/Kobe/3/80 b 1280 6400 6400 6400 1600 1600 I-I 1N i 
sw/Kobe/4/80 b 1280 6400 6400 6400 1600 1600 H i N t 

Values given are expressed as the reciprocal of the terminal serum or antibody dilution 
inhibiting hemagglutination of the virus antigens tested. 

Less than i00 
b Strains were isolated from pigs imported from the U. S. A. 
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donal  antibodies to hemaggtutinin of A/NJ/8/76 revealed their slight anti- 
genic differences, showing that  two antigenic variants of swine (It lN1)  
virus have been co-cireul~t, ing in the swine population of Japan.  For reference, 
Table i also shows data on A/sw/Shizuoka/1/78, which was described in a 
previous paper (22). Of 9 swine H 1 N 1 viruses 7 reacted with all monoclonM 
antibodies, but  two isolates, A/sw/Shizuoka/1/78 and A/sw/Shimane/1/78 
failed to react with two monoclones (117/2, 72/3). A/sw/Ehime/1/80 virus 

Table  2. Comparison o] the antggenic structure o] the neuraminidase subunits o/ a 
recombinant and H 3 N 2 influenza viruses isolated ]rom swine and man  on the basis of 

inhibition patterns with monoclonal antibodies 

A n t i b o d y  to  
© 

Neuramin idase  inh ib i t ion  p a t t e r n s  to  t he  following 
vi ruses :  

Swine isolates Human isolates 

o ~ ~ ~ ~ ~ _~ ~-. ~ ~- o 

Jap/305/57 78/4 1100 . . . . .  
102/2 700 . . . .  
136/5 1100 . . . .  
117/2 400 . . . .  

Tokyo/3/67 S10/1 700 1024 1024 1024 1024 
16/8 500 1024 1024 256 512 
23/9 1000 1024 1024 512 512 
25/4 2900 4096 1024 1024 1024 

$25/4  100 1024 512 1024 512 
P o r t  Chalmers /  
1/73 27/5 160 32 16 --  32 
Viet /3/75 12/2 300 . . . .  

27/3 250 . . . .  
21/3 250 . . . .  

Texas / I /77  18/3 600 - -  8 4 4 
19/1 800 . . . .  
67/3 100 8 - - - 

69/1 1000 . . . . .  
78/1 200 . . . .  
88/2 200 . . . .  

123/3 500 . . . .  

_ _ + + 

_ _ + + 

_ _ + + 

_ _ + + 

_ _ + + 

64 64 - + + + 

512 512 + -t- 
512 256 + + 
512 1024 + + 

128 128 ÷ ÷ + + 

8 4 + + + + 

8 4 + ÷ + + 

- 4 ÷ - 

4 4 + + 

4 + ÷ 

- -  2 5 6  + + 

a Less t h a n  4. N I  t i te rs  expressed  as t he  reciprocal  of t he  t e rmina l  a n t i b o d y  d i lu t ion  
inh ib i t ing  50 per  cen t  neu ramin idase  ac t iv i ty  of viruses  

b Fo r  compar ison ,  Table  also shows neu ramin idase  inh ib i t ion  p a t t e r n s  of h u m a n  
H 3N 2 viruses  p r e sen t ed  b y  us (22) 

14" 
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was also found  to  contain hemagglut inin  ant igen identical  to  the  la t te r  two 
swine isolates. These results s t rongly suggested t h a t  the hemagglut inin 
ant igen of a r ecombinan t  virus f rom 1980 was der ived from a A/sw/Shizuoka/  
1/78- or A/sw/Shimane/1/78-1ike virus var iant .  

Comparative Antigenic Analys i s  o / the  Neuraminidase  o/ a Recombinant and 

H 3 N 2 Iso la tes / rom Swine  and M a n  

In  order  to  search carefully for clues in respect  to  the  possible origin 
of the  recombinan t  f rom 1980, a panel  of monoclonal  ant ibodies to h u m a n  
H 2 N 2  and  H 3 N 2  viruses were used in the  following N I  tests. Though  
monoclones to ear ly  Asian virus did no t  reac t  with all viruses examined,  
5 monoclones against  a la ter  one, A/Tokyo/3/67,  clearly de tec ted  antigenic 
characterist ics of neuraminidase  of ear ly  h u m a n  Hong  Kong  (H 3 N 2) viruses 
(Table 2). Conversely,  neuraminidase- inhibi t ion pa t te rns  wi th  monoclonal  
antibodies to two Hong  Kong  strains, A/Victoria/3/75 and A/Texas / I /77  
dif ferent ia ted late Asian or ear ly  Hong  Kong  viruses f rom 1973-H3 N2 and  
la ter  viruses. All monoclonal  antibodies to A/Tokyo/3/67 inhibi ted neur-  
aminidase ac t iv i ty  of A/sw/Ehime/ t /80  and  three  H 3 N 2  isolates f rom 
swine between 1969 and 1976, as did late Asian and ear ly  h u m a n  H 3 N 2  
viruses. Fo r  reference,  Table  2 also includes neuraminidase- inhibi t ion 
profiles of human  H 2 N 2  and H 3 N 2  viruses. A/sw/Ehime/1/80 virus was 
found  to  possess a neuraminidase  ant igenical ly closely re la ted to  late Asia 
and  ear ly  Hong  Kong  viruses. They  differed only at  a few sites recognized 
b y  monoclonal  ant ibodies to  A/Texas / I /77 .  I t  was also of in teres t  to  know 
t h a t  H 3 N 2  viruses similar to human  ear ly  Hong  Kong  virus such as A/ 
Aichi/2/68 have  been circulating in swine populat ions,  showing t h a t  neur-  

Table 3. Replication o] swine and human influenza viruses at 37 ° and 42 ° C 

HA and infectivity titers 

Days 

37 ° C 42 ° C 

Virus strains 1 2 3 1 2 3 

sw/Shizuoka/1/78 (H1N1) 2 16 32 < (_.)b < (_)  <2 (_)  
sw/Ehime/1/80 (HIN2) <a 8 t6 < (--) < (--) < (--) 
sw/Kanagawa/4/78 (H 1N I) 16 32 64 2 (3.46) 32 (3.55) 16 (4.10) 
sw/Kanagawa/2/78 ( i  1N2) 64 32 64 16 (5.18) 32 (4.86) 64 (4.43) 
Aiehi/2/68 ([taN2) 32 32 64 < (--) < (--) <2 (--) 
Kumamoto/22/76 (H3N2) 16 64 256 < (--) < (--) < (--) 

Growth experiment and plaque titration were done in I~IDCK cells in the presence of 
aeetyltrypsin (5 meg/ml, Sigma). 
a HA titer less ~han 2 
b Log10 PFU/ml less than t.5. Values given in parenthesis represent log10 PFU/ml 
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aminidase of A/sw/Ehime/1/80 was antigenically also very  similar to two 

I-I3N2 swine isolates from 1976. 

Growth Comparison o / the  Isolates at High Temperature 

To compare the growing ability of two recombinants and other swine 
and human isolates, confluent MDCK cell monolayers were infected with 
approximately 0.01 MOI of different viruses and were kept  at  37 ° and 42 ° C. 
Table 3 shows the growth characteristics of the different strains obtained 
in multiple cycle conditions. I t  can be seen that  all viruses replicated at  37 ° C 
and released hemagg]utinin into the culture medium. Under this temperature- 
condition no notable differences in the final yield based on hemagglutinating 
activity, were observed. In  contrast to 37 ° C, two recombinant viruses 
showed different behavior in their growth at 42 ° C. Of the viruses tested, 
a 1978-recombinant, A/sw/Kanagawa/2/78 and its possible parental virus, 
A/sw/Kanagawa/4/78 (H 1 N 1) grew well at  42 ° C and produced hemagglutinin 
which corresponded to infectious progeny virus. This is the first evidence 
indicating the presence of virus capable of growth of high temperatures in 
the swine population. However, the remainder failed to replicate at 42 ° C. 
These results led us to compare the efficiency of plaque formation of swine 
and human isolates at both temperatures. As shown in Table 4, two swine 
isolates, A/sw/Kanagawa/2/78 (H 1 N2) and A/sw/Kanagawa/4/78 (H 1 N 1) 
formed plaques with a high efficiency at  42 ° C, whereas the remaining 4 
viruses including a 1980-recombinant did not produce plaques under this 
condition. These results led to a possibility tha t  the parental swine (H 1 N 1) 
virus of A/sw/Ehime/1/80 is different from tha t  of the 1978-recombinant. 

R N A  Analys i s  by OIigonucleotide M a p p i n g  

The differences of antigenic and biological properties of the two recom- 
binant viruses suggested tha t  these viruses were derived from different 

Table 4. E]]iciency of plaque formation o] swine H I N 1  and a recombinant, and human 
H 3 N 2  viruses at 37 ° and 42 ° C 

Plaque titer (loglo PFU/ml) 

Virus strains 37 ° C 42 ° C 

sw/Kanagawa/2/78 (H 1N2) 
sw/Kanagawa/4/78 (H 1 N 1) 
sw/Shizuoka/1/78 (H 1N 1) 
sw/Ehime/l/80 (H 1N2) 
Aichi/2/68 (H3N2) 
Kumamoto/22/76 

5.88 4.35 
7.67 4.90 
5.60 <~ 
5.27 < 
7.57 < 
7.52 < 

Parallel plaque titrations at 37 ° and 420 C were performed in MDCK cells. In this 
test egg-grown seed viruses were used. 
a Log10 PFU/nfl less than 0.5 
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parenta l  viruses. Fig. 1 shows oligonueleotide maps of two reeombinants  
isolated in 1978 and  1980, and 66 large nucleotides were selected for com- 
parison. I t  can be seen t h a t  oligonueleotide maps  of bo th  viruses were 
essentiMy similar, detect ing 80- -86  per  cent  of the  common oligonueleotides 
be tween these strains. However ,  in the  d iagram of A/sw/Ehime/1/80 9 spots 
(closed circles) different  f rom the  1978-recombinant  were de te rmined  (Fig. 1 a). 
In  addit ion,  the  la t te r  recombinant ,  A/sw/Kanagawa/2/78 exhibi ted  13 spots 
different  f rom the  former  virus (Fig. 1 b). These results suggested t h a t  A/sw/ 
E h i m e / t / 8 0  was der ived f rom parentM viruses different  f rom those of A/sw/ 
Kanagawa/2/78.  In  order  to know the  possible origin of the A/sw/Ehime/1/80 
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Fig. I. Comparison Of the oligonucleotide spots of the RNAs from two recombinant 
viruses isolated from swine in Japan in 1978 and 1980. a Diagram of A/sw/Ehime/1/80 
(H1N2); spots indicated by closed circles were present in the A/sw/Ehime/1/80 
strain but absent in a previous recombinant, A/sw/I{anagawa/2/78 (H 1N2). b Dia- 
gram of A/sw/Kanagawa/2/78; closed circles were oligonucleotide spots present in 
A/sw/Kanagawa/2/78 but not in A/sw/Ehime/1/80 virus. X is the position of dye 

marker, xylene cyanol FF 
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s t rain,  we also c o m p a r e d  oligonueleotide m a p s  of A/sw/Shizuoka/1/78 

(H I N 1 )  and  A/Aichi/2/68 because  of the i r  ant igenic  and  biological re la ted-  

ness to  the  above  r e c o m b i n a n t  virus.  Fig. 2 shows oligonucleotide maps  
p roduced  b y  the  th ree  viruses.  

A / s w / E h i m e / t / 8 0  (Fig. 2a)  and  A/sw/Shizuoka / l /78  (Fig. 2 e) were found 
to  have  56 ou t  of 66 oligonueleotide spots  c o m m o n  (84 per  cent) to these  two 

Fig. 2. Analysis of oligolmcleotide maps of RNAs of swine 1-I 1 N 1, I-I 1 N 2, and human 
I{3N2 viruses. Spots indicated by arrows pointing to the left were detected in A/sw/ 
Ehirne/1/80 (a) but missing in A/sw/Shizuoka/1/78 (c). The arrows directed to the 
right represent oligonueleotide spots present in A/sw/Shizuoka/1/78 (0) but missing 
in A/sw/Ehime/1/80. The oligonueleotides indicated by open arrows pointing to the 
right were derived from the neuraminidase gene of A/Aichi/2/68 (b). Closed circles of 
the diagram (d) of A/sw/Ehime/t/80 were oligonucleotide spots common to A/sw/ 
Shizuoka/1/78. Of the open circles in diagram (d), 3 indicated by open arrows pointing 
to the left were derived from the netwaminidase of A/Aiehi/2/68. X is the position of 

the dye marker, xylene cyanol ~'F 
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viruses. The spots indicated by  arrows pointing to left  (Fig. 2a) or r ight  
(Fig. 2 c) were pecul iar ly presented  in A/sw/Ehime/1/80 und A/sw/Shizuoka/  
1/78 strains, respectively.  The min imum number  of base changes between 
two viruses was 20. The  oligonueleotide map  of A/Aiehi/2/68 presented  in 
Fig. 2 b was quite different  f rom those of the  above two swine isolates. The 
spots indieat, ed b y  open arrows (Fig. 2 b) represented  oligonueleotides der ived 
f rom neuraminidase  gene of A/Aichi/2/68 (Dr. K. N~KAJIMA, personal  
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Fig. 3. Analysis of the genome eomposition of a recombinant, A/sw/Ehime/1/80 strain 
by liquid DNA-RNA hybridization. Synthesized DNAs complementary to the whole 
tl, NAs of swine (H 1N 1), A/sw/Kanagawa/4/78, were fractionated by 7 5z-urea 4 per 
cent polyaerylamide gel eleetrophoresis (22). s2P-cDNA segments were extracted from 
the sliced gels by reported procedures (22). Six ng of s2P-cDNA segments were 
hybridized to increased concentrations of three whole IgNAs of the A/sw/Kanagawa/ 
4/78, A/sw/Ehime/1/80 and A/Aichi/2/68 viruses according to the methods described 
previously ( t, 22). The rate of hybridization of eDNA with I~NAs of A/sw/Kanagawa/ 
4/78 (. .), A/sw/Ehime/1/80 (o o), and A/Aichi/2/68 (A A) was 

expressed as Crt values 
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communication). The diagram (Fig. 2d) shows the possible derivation of 
oligonueleotide spots of A/sw/Ehime/1/80. These results indicated that  a 
large proportion of spots (closed circles) were derived from A/sw/Shizuoka/ 
1/78-like virus. Of the remaining eleven spots (open circles), 3 (indicated by 
open arrows) appeared to be from the neuraminidase gene of a A/Aichi/2/68- 
like virus. 

Analysis o/the Derivation o/RNA Segments o/a Recombinant by Liquid DNA- 
RNA Hybridization 

To define the derivation of the I~NA segments DNA-RNA hybridization 
was done by using six ng of a2P-labelled eDNA segments for RNA of swine 
(H 1N1) virus, A/sw/Kanagawa/4/78. The slowest moving eDNA band at 
the top on the 4 per cent polyacrylamide gel were collected in one fraction 
(P 1-~P2) because this band was not well resolved as described previously 
(22), and used in hybridization experiments. The results obtained in hybridi- 
zation tests showed that  eDNA segments P 1 @2 and 3 hybridized efficiently 
with the entire I~NAs of a recombinant virus and a base sequence homology 
of nearly 100 per cent was obtained from the Crt analysis (Fig. 3). Crt was 
the product of RNA concentration (tool/l) and time (see.). In  contrast to 
this, RNAs from A/Aichi/2/68 strain exhibited a relatively low sequence 
homology with the above eDNA probes. When eDNA segments 4, 5, 7, and 
8 were hybridized with RNAs from swine, Hong Kong and recombinant 
viruses, the RNAs of A/sw/Ehime/1/80 were shown to have a complete base 
sequence homology with the corresponding t%NA of the swine (H i N 1 ) virus, 
which was used for preparation of a2P-cDNA. These results indicated that  
all RNA segments except for segment 6, of the recombinant virus were 
undoubtedly derived from the swine (It 1 N 1) vh'us. On the contrary, only 
the sixth DNA segment hybridized poorly with RNA of a recombinant, and 
this low sequence homology was similar to that  of A/Aiehi/2/68 virus. 
Evidently, A/sw/Ehime/1/80 is a recombinant virus and only the neuraminid- 
ase gene was from A/Aichi/2/68. 

Diseussion 

A previous report (22) and the present, antigenic analysis of the hem- 
agglutinin subunit of H 1 N 1 (Hsw 1 N 1) swine isolates revealed that  two 
influenza, virus variants have been wevalent  in the swine population of 
Japan. The major variant group :reacted with all monoclonal antibodies to 
A/N J/8/76, whereas the minor variant group failed to react, with 2 of them. 
Although the A/sw/Kanagawa/2/78 recombinant virus contained a hem- 
agglutinin antigen identical to that  of the former variant  (22), the A/sw/ 
Ehime/1/80 strain was shown to have a hemagglutinin related closely to 
the latter minor variant group. I t  is of interest to know that  two recombinant 
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viruses clearly reflect epizootiological aspects of swine influenza in Japan 
based on virological studies. Since the appearance of the Hong Kong (H 3 N2) 
virus in man, numerous contemporary strains which had been prevalent in 
the human population have been isolated from swine (10, 20, 21, 29, 34, 36) 
and the isolation of two recombinants from pigs in Japan indicated that  the 
swine was a potential reservoir for human influenza. Recent antigenic 
and genetic studies on different H 3N2  swine isolates described that  Hong 
Kong influenza virus-like strains similar to A/Aichi/2/68 have been main- 
tained in swine until 1976 (20, 36). Our detailed investigation of the antigenic 
structure of the neuraminidase of different H 3 N2 swine isolates with mono- 
clonal antibodies supports the above evidence. In addition, a swine re- 
combinant virus isolated in i980 was found to possess a neuraminidase 
antigenicMly very similar to tha t  of these earliest Hong Kong (H3N2)-hke 
viruses, suggesting that  an A/Aichi/2/68-1ike virus which had already 
disappeared from. the human population 12 years before have been circulat- 
ing in the swine population. 

Unlike human viruses, influenza viruses originating from avian species 
are able to replicate at  stringent temperatures such as 42 ° C (9, 18, 23). The 
present studies first demonstrated that  swine isolates have a capability of 
reproducing at 42 ° C, which is similar to avian influenza viruses. A swine 
recombinant, A/sw/Kanagawa/2/78 (H 1 N 2) had its possible H 1 N 1 parentM 
viruses are capable of reproducing in MDCK cells maintained at 42 ° C, and 
their efficiency of plaque formation is very high. Our previous work revealed 
that  7 RNA segments of this recombinant are derived from swine (H 1 N 1) 
virus and the remainder, coding for neuraminidase is from human A/Kuma- 
recto/22/76 (H3N2)  (A/Victoria/3/75-1ike strain) (22). However, the latter 
human H 3 N 2  virus does not grow at 42 ° C, so that, the property of this 
recombinant to grow at a high temperature, therefore, comes from the 
A/sw/Kanagawa/4/78 (H1N1)  virus. Recent information suggests that  
transmission of human viruses to swine occurs frequently as described above. 
All avian influenza viruses examined can replicate to high titers in pigs (12), 
suggesting that  swine is one of the important reservoir where dual infection 
with avian and human influenza viruses could occur in nature. 

The above studies also revealed that  A/sw/Ehime/1/80 virus is generated 
by  genetic recombination between parental viruses different from those of 
the A/sw/Kanagawa/2/78 recombinant, showing that  the former recombinant 
virus isolated in 1980 is not able to grow at 42 ° C. Hybridization studies 
indicated that  A/sw/Kanagawa/4/78 (H 1 N 1) which can replicate at a high 
temperature, and A/sw/Ehime/1/80 were found to contain seven very 
similar RNA segments. With the exception of segment 6, these high base 
sequence homologies of all genes between A/sw/Kanagawa/4/78 (It lN1)  
and A/sw/Ehime/I/80 based on molecular hybridization tests may imply 
that  the different biologieM properties between both viruses depend on the 
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restriet:ive changes of some of the structural genes, but definite conclusion 
must  await further studies. 
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