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Summary

A recombinant (H1N2, formerly Hswi1N2), 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 (H1N2) strain (22). Five
monoclonal 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 monoclonal 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, Ajswine/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 3N 2)-like viruses. To further deter-
mine the gene constellation of this recombinant virus, DNA-RNA hybridiza-
tion was performed by using DNA segments complementary for swine
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(HiN1) virus RNA and the entire RNAs 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 (H3N 2)-like virus and remaining seven genes from
swine (H1N1) virus.

Introduction

While outbreaks of clinical influenza had been recorded in many countries
before 1900 (37), an epidemiological 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 Kogxw (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
(H1N1) 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
from an avian virus but the remaining seven genes were from the preceeding
human Asian (H2N2) 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).
With 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. It is also of
interest that swine have been infected with the viruses originating from
avian population (26). Moreover, numerous isolations of H3N2 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 remainder from swine (H1N1) virus (22). In 1980 some (H.Y.)
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of us also isolated another recombinant virus possessing H1 (sw1) hem-
agglutinin and N 2 neuraminidase from a pig in Ehime prefecture, Japan (38).

In the present communication we describe antigenic, biological and
genomic characteristics of the above recombinant virus from 1980 in Japan
and discuss the significance of isolation of this virus on the basis of compari-
son with characteristics of a previous recombinant from 1978 (22).

Materials and Methods

Viruses

Ten HINI1 (formerly HswiN1} and two H1 (sw1)N2 recombinant viruses
isolated from swine in Japan during the period of 1978—1980 were employed in the
present studies: A/sw/Shimane/1/78 (H1N1), A/sw/Shizuoka/1/78 (H1N1), A/sw/
Kanagawa/4/78 (H1N 1), Afsw/Niigata/1/78 (H1N1), A/sw/Fukuoka/1/78 (HIN1),
A/swiToyama/1/78 (H1N1), A/sw/Sawara/1/78 (H1N1), A/sw/Kobe/1/80 (HL1N1),
A/sw/Kobe/3/80 (H1N1), A/sw/Kobe/4/80 (H1N1), A/sw/Kanagawa/2/78 (H1N2),
A/sw/Ehime/1/80 (H1N2). In addition to the above viruses, the following human
and swine viruses were subjected to different analyses: A/Aichi/2/68 (H3N2),
A/Kumamoto/22/76 (H3N2), A/sw/Wadayama/5/69 (FLI3N 2}, A/sw/Hong Kong/3/76
(H3N2), Afsw/Hong Kong/4/76 (H3N2), A/sw/Hong Kong/6/76 (H3N2), Afsw/
Bangkok/9/79 (H3N 2). All viruses were grown in the allantoic cavity of 11-day-old
fertile hen’s eggs.

Hemagglutination-Inhibition (HI) Tests
HI tests were performed in a reduced volume using disposable microtiter-U-plates,
and 0.5 per cent chicken red blood cells.

Neuraminidase-Inhibition (NI ) Tests

N1 tests with monoelonal antibodies were done according to the methods described
by AymarD-HENRY ¢f al. (2), but the diluent contained 0.5 per cent Triton X-100 to
expose efficiently the antigenic determinants of neuraminidase molecules (28).

Monoclonal Antibodies

All monoclonal antibodies to hemagglutinin of A/NJ/8/76 (H1N1), and to
neuraminidases of different H2N2 and H3N2 viruses were kindly provided by
Dr. R. G. Webster.

Qrowth Experiments

MDCK 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 viral RNAs were extracted from highly purified egg-grown viruses by
the hot-phenol method (24, 27). Approximately 5 pg amounts of these RNAs were
digested with T1 ribonuclease {Sankyo Co., Ltd., Japan) and the 5"-ends were
labelled with (y-32P) ATP (>5000 Ci/mmol; Amersham, England) using T4 poly-
nucleotide kinase (Boehringer, Mannheim) (3, 19). Two dimensional separation of the
labelled oligonucleotides were performed by the methods described previously (6, 19,
25). However, Tris-borate buffer (50 mm) was used in the second dimension of
electrophoresis, and the second dimension was conducted by running from top to
bottom (23).

14 Avch, Virol. 86/3—4
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DNA-RNA Hybridization

For molecular hybridization, DNA complementary (¢} to the total RNAs of
Ajsw/Kanagawa/4/78 (H1N1) was synthesized in the presence of avian myelo-
blastosis virus reverse transcriptase (Life Sciences, St. Petersburg, Fla., U.8.A.} by
using a dodecadeoxyribonucleotide primer (AGCAAAAGCAGG) and («-32P) dCTP
(Amersham, England) as described (5).

Synthesized ¢DNA was fractionated on T 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 ¢cDNA segment was used
in liqguid 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 Crt (concentration of RNA in mol/l X time in
seconds).

Results

Antigenic Analysis of the Hemagglutinin of the Isolates from Swine

Although a recombinant, A/sw/Ehime/1/80 strain was already identified
as H1 (sw1) N2 subtype, to know the possible parental virus we further
compared in detail the hemagglutinin antigen of this recombinant and
9 strains of swine (H 1N 1) influenza virus using monoclonal antibodies and
post-infection ferret serum. The results are shown in Table 1. Hemagglutinat-
ing activity of all viruses was inhibited to similar levels by a ferret antiserum,
indicating close antigenic relatedness to each other. However, five mono-

Table 1. Antigenic analysis of the hemagglutinin antigens of a recombinant and swine
influenza viruses in Japan by post-infection ferret serum and monoclonal antibodies

Horet HI titers

A/NJ/ Monoclonal antibodies Antigenic
Test viruses 8/76 6/1a 117/2 72/3  40/3  36/3 subtypes
sw/Ehime/1/80 1280 6400 —a — 3200 3200 HIN?2
sw/Shimeane/1/78 1280 6400 — — 3200 3200 HiN1
sw/Shizuoka/1/78 1280 6400 — — 1600 3200 HIN1
sw/Niigata/1/78 1280 6400 6400 6400 3200 3200 HIN1
sw/Fukuoka/1/78 1280 6400 6400 6400 3200 3200 HiN1
sw/Toyama/1/78 1280 6400 6400 6400 3200 3200 HIN1
sw/SBawara/80 1280 6400 6400 6400 1600 3200 HINI1
sw/Kobe/1/80° 2560 6400 6400 6400 1600 3200 HiIN1
sw/Kobe/3/80 P 1280 6400 6400 6400 1600 1600 HiIN1
sw/Kobe/ 4/80 7 1280 6400 6400 6400 1600 1600 HINt

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

2 Less than 100

b Strains were isolated from pigs imported from the U.S.A.
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clonal antibodies to hemagglutinin of A/NJ/8/76 revealed their slight anti-
genic differences, showing that two antigenic variants of swine (H1N1)
virus have been co-circulating in the swine population of Japan. For reference,
Table 1 also shows data on A/sw/Shizuoka/1/78, which was described in a
previous paper (22). Of 9 swine H1N 1 viruses 7 reacted with all monoclonal
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 of the antigenic structure of the neuraminidase subunits of a
recombinant and H 3N 2 influenza viruses isolated from swine and man on the basis of
wnhibition patterns with monoclonal antibodies

Neuraminidase inhibition patterns to the following
viruses:

Swine isolates Human isolates

=
©
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2 8L ) 5 5 & ¥ = ¢ = ¢ =
E gE § =B T =T T W = B
: 3 8= £ 2 M o e £ 4 © 3 ﬁ
Antibodyto 5 Ez B B © H EH A & X & M
Jap/305/57 78/4 1100  —2 o~ - — =
1022 700 @ — @ — = - — - - - _
136/5 1100 — — — - - = = - =
1172 400 — — - - - - = — =
Tokyo/3/67 S10/1 700 1024 1024 1024 1024 — - 4+ A+ - =
16/8 500 1024 1024 256 512 — - 4+ 4+ - =
23/9 1000 1024 1024 512 512 — - 4+ 4+ - =
25/4 2900 4096 1024 1024 1024 —_ _— 4+ + - =
S25/4 100 1024 512 1024 512 — - 4+ 4+ - =
Port Chalmers/
1/73 27/5 160 32 16 — 32 64 64 — + & +
Viet/3/75 12/2 300 -~ — — — 512 512 — — 4+ +
278 2650 — — — — 512 256 — — + -+
21/3 250 - e — — 512 1024 — — + +
Texas/1/77 18/3 600 — 8 4 4 128 128 4+ 4+ 4+ +
19/1 800 — — — — 8 4 + = 4
67/3 100 8 - — — 8 4 + + + +
69/1 1000 — — — — — 4 — — + -
78/ 200 — — — — 4 4 — — + +
882 200 — — — — 4 — — — 4 +
123/3 500 - — — — — 256 —~ — - 4

@ Less than 4. NI titers expressed as the reciprocal of the terminal antibody dilution
inhibiting 50 per cent neuraminidase activity of viruses

b For comparison, Table also shows neuraminidase inhibition patterns of human
H3N 2 viruses presented by us (22)

14*
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was also found to contain hemagglutinin antigen identical to the latter two
swine isolates. These results strongly suggested that the hemagglutinin
antigen of a recombinant virus from 1980 was derived from a A /sw/Shizuoka/
1/78- or A/sw/Shimane/1/78-like virus variant.

Comparative Antigenic Analysis of the Neuraminidase of @ Recombinant and
H3NZ Isolates from Swine and Maon

In order to search carefully for clues in respect to the possible origin
of the recombinant from 1980, a panel of monoclonal antibodies to human
H2N2 and H3N2 viruses were used in the following NI tests. Though
monoclones to early Asian virus did not react with all viruses examined,
5 monoclones against a later one, A/Tokyo/3/67, clearly detected antigenic
characteristics of neuraminidase of early human Hong Kong (H3N2) viruses
(Table 2). Conversely, neuraminidase-inhibition patterns with monoclonal
antibodies to two Hong Kong strains, A/Victoria/3/75 and A/Texas/1/77
differentiated late Asian or early Hong Kong viruses from 1973-H3N2 and
later viruses. All monoclonal antibodies to A/Tokyo/3/67 inhibited neur-
aminidase activity of A/sw/Ehime/1/80 and three H3N2 isolates from
swine between 1969 and 1976, as did late Asian and early human H3N2
viruses. For reference, Table 2 also includes neuraminidase-inhibition
profiles of human H2N2 and H3N2 viruses. A/sw/Ehime/1/80 virus was
found to possess a neuraminidase antigenically closely related to late Asia
and early Hong Kong viruses. They differed only at a few sites recognized
by monoclonal antibodies to A/Texas/1/77. It was also of interest to know
that H3N2 viruses similar to human early Hong Kong virus such as A/
Aichi/2/68 have been circulating in swine populations, showing that neur-

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

HA and infectivity titers

Days
37°C 42° C

Virus strains 1 2 3 i 2 3
sw/Shizuoka/1/78 (H1N 1) 2 16 32 < ()P < (=) < (=)
sw/Ehime/1/80 (H 1N 2) <® 8 16 < {—) < (=) < {—)
sw/Kanagawa/4/78 (H1IN1) 16 32 64 2(3.46) 32(3.55) 16 (4.10)
sw/Kanagawa/2/78 (H1N 2) 64 32 64 16 (5.18) 32(4.86) 64 (4.43)
Aichi/2/68 (H3N2) 32 32 64 < A{~—) < {—) < (=)
Kumamoto/22/76 (H3N 2) 16 64 256 < (-) < (—) << (—)

Growth experiment and plaque titration were done in MDCK cells in the presence of
acetyltrypsin (5 meg/ml, Sigma).

a HA titer less than 2

b Logie PFU/ml less than 1.5. Values given in parenthesis represent logio PFU/ml
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aminidase of A/sw/Ehime/1/80 was antigenically also very similar to two
H3N2 swine isolates from 1976.

Growth Comparison of 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. It can be seen that all viruses replicated at 37° C
and released hemagglutinin 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 (H1N 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 (H1N2) and A/sw/Kanagawa/4/78 (H1N1)
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 that the parental swine (H1N1)
virus of A/sw/Ehime/1/80 is different from that of the 1978-recombinant.

RN A Analysis by Oligonucleotide Mapping

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

Table 4. Efficiency of plague formation of swine H 1N 1 and a recombinant, and human
H 3N 2 viruses at 37° and 42° C

Plaque titer (logie PFU/ml)

Virus strains 37°C 42° C
sw/Kanagawa/2/78 (H 1N 2) 5.88 4.35
sw/Kanagawa/4/78 (H1N1) 7.67 4.90
sw/Shizuoka/1/78 (H1N 1) 5.60 <a
sw/Ehime/1/80 (H1N 2) 5.27 <
Aichi/2/68 (H3N 2) 7.57 <
Kumamoto/22/76 7.52 <

Parallel plague titrations at 37° and 42° C were performed in MDCK cells. In this
test egg-grown seed viruses were used.
* Logio PEU/ml less than 0.5
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parental viruses. Fig. 1 shows oligonucleotide maps of two recombinants
isolated in 1978 and 1980, and 66 large nucleotides were selected for com-
parison. It can be seen that oligonucleotide maps of both viruses were
essentialy similar, detecting 80—86 per cent of the common oligonucleotides
between these strains. However, in the diagram of A/sw/Ehime/1/80 9 spots
(closed circles) different from the 1978-recombinant were determined (Fig. 1 a).
In addition, the latter recombinant, A/sw/Kanagawa/2/78 exhibited 13 spots
different from the former virus (Fig. 1b). These results suggested that A/sw/
Ehime/1/80 was derived from parental viruses different from those of A/sw/
Kanagawa/2/78. In order to know the possible origin of the A/sw/Ehime/1/80

(b ] SW/KANAGAWA /2/78

Fig. 1. Comparison of the oligonucleotide spots of the RNAs from two recombinant

viruses isolated from swine in Japan in 1978 and 1980. @ Diagram of A/sw/Ehime/1/80

(H1N 2); spots indicated by closed circles were present in the A/sw/Ehime/1/80

strain but absent in a previous recombinant, A/sw/Kanagawa/2/78 (H1N2). b Dia-

gram of A/sw/Kanagawa/2/78; closed circles were oligonuecleotide spots present in

AfswiKanagawa/2/78 but not in A/sw/Ehime/1/80 virus. X is the position of dye
marker, xylene cyanol FF



Characteristics of a H1N 2 Swine Influenza Virus 205

strain, we also compared oligonucleotide maps of A/sw/Shizuoka/1/78
(H1N1) and A/Aichi/2/68 because of their antigenic and biological related-
ness to the above recombinant virus. Fig. 2 shows oligonucleotide maps
produced by the three viruses.

A/sw/Ehime/1/80 (Fig. 2a) and A/sw/Shizuoka/1/78 (Fig. 2¢) were found
to have 56 out of 66 oligonucleotide spots common (84 per cent) to these two

P‘. .. o *

(c) SW/SHIZUOKA/1/78 (d) SW/EHIME/1/80

Fig. 2. Analysis of oligonucleotide maps of RNAs of swine H1N 1, HIN 2, and human
H 3N 2 viruses. Spots indicated by arrows pointing to the left were detected in A/sw/
Ehime/1/80 (a) but missing in A/sw/Shizuoka/1/78 (c¢). The arrows directed to the
right represent oligonucleotide spots present in A/sw/Shizucka/1/78 (¢} but missing
in A/sw/Ehime/1/80. The oligonucleotides 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/1/80 were oligonucleotide spots common to A/sw/
Shizuocka/1/78. Of the open circles in diagram (d}, 3 indicated by open arrows pointing
to the leit were derived from the neuraminidase of AfAichi/2/68. X is the position of
the dye marker, xylene cyanol FF
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viruses. The spots indicated by arrows pointing to left (Fig. 2a) or right
(Fig. 2¢) were peculiarly presented in A/sw/Ehime/1/80 and A /sw/Shizuoka/
1/78 strains, respectively. The minimum number of base changes between
two viruses was 20. The oligonucleotide map of A/Aichi/2/68 presented in
Fig. 2b was quite different from those of the above two swine isolates. The
spots indicated by open arrows (Fig. 2b) represented oligonucleotides derived
from neuraminidase gene of A/Aichi/2/68 (Dr. K. NagajmMa, personal

DNA 122 " ’ TDNA &'
100y /5;5 - o—e 100

8o} /

Ve Y

20¢ 4 50
1ok DNA3 8‘38 i
80 . <4 40
60} /‘ .
g 20 § S | 3 ‘
E]Uﬂ [ DNA 47 /'g: 1 DNA 7 3'_9 4100
'_-'é 80t /3/ 1 / 4 80
“iﬁﬂ“ ; k // 4 80
iy | I
20} ¢ e . // 12
A/ N ,
100 DNA 5 07'9""‘3 ! ] DNA 8 s—a 1 100

4 3 b 4 3

~log C;t {moles/liter x sec)
Fig. 3. Analysis of the genome composition of & recombinant, A /sw/Ehime/1/80 strain
by liquid DNA-RNA hybridization. Synthesized DNAs complementary to the whole
RNAs of swine (H1N 1), A/sw/Kanagawa/4/78, were fractionated by 7 M-urea 4 per
cent polyacrylamide gel electrophoresis (22). 32P-cDNA segments were extracted from
the sliced gels by reported procedures (22). Six ng of 32P-¢cDNA. segments were
hybridized to increased concentrations of three whole RNAs of the A/sw/Kanagawa/
4/78, Ajsw/Ehime/1/80 and A/Aichi/2/68 viruses according to the methods described
previously (1, 22). The rate of hybridization of cDNA with RNAs of A/sw/Kanagawa/
4/78 (e ¢), A/sw/Ehime/1/80 (o———o0), and A/Aichi/2/68 (a

expressed as Crt values

A) was
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communication). The diagram (Fig. 2d) shows the possible derivation of
oligonucleotide 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 of the Derivation of RN A Segments of a Recombinant by Liguid DN A-
RENA Hybridization

To define the derivation of the RNA segments DNA-RNA hybridization
was done by using six ng of 32P-labelled ¢cDNA segments for RNA of swine
(HiN1) virus, A/sw/Kanagawa/4/78. The slowest moving ¢DNA band at
the top on the 4 per cent polyacrylamide gel were collected in one fraction
(P1+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 cDNA segments P1-+2 and 3 hybridized efficiently
with the entire RNAs 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 (mol/l) and time (sec.). In contrast to
this, RNAs from A/Aichi/2/68 strain exhibited a relatively low sequence
homology with the above cDNA probes. When ¢cDNA 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 RNA of the swine (H1N1) virus,
which was used for preparation of 32P-cDNA. These results indicated that
all RNA segments except for segment 6, of the recombinant virus were
undoubtedly derived from the swine (H1N1) virus. 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/Aichi/2/68 virus.
Evidently, A/sw/Ehime/1/80 is a recombinant virus and only the neuraminid-
age gene was from A/Aichi/2/68.

Discussion

A previous report (22) and the present antigenic analysis of the hem-
agglutinin subunit of HIN1 (Hsw1N1) swine isolates revealed that two
influenza virus variants have been prevalent in the swine population of
Japan. The major variant group reacted with all monoclonal antibodies to
A/NJ/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 Afsw/
Ehime/1/80 strain was shown to have a hemagglutinin related closely to
the latter minor variant group. It 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 (H3N2)
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 H3N2 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 H3 N2 swine isolates with mono-
clonal antibodies supports the above evidence. In addition, a swine re-
combinant virus isolated in 1980 was found to possess a neuraminidase
antigenically very similar to that of these earliest Hong Kong (H3N2)-like
viruses, suggesting that an A/Aichi/2/68-like 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 (H1N2) had its possible H1N 1 parental
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 (H1N1)
virus and the remainder, coding for neuraminidase is from human A/Kuma-
moto/22/76 (H3N2) (A/Victoria/3/75-like strain) (22). However, the latter
human H3N2 virus does not grow at 42° C, so that the property of this
recombinant to grow at a high temperature, therefore, comes from the
Ajsw/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 (H1N1) 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 (H1N1)
and A/sw/Ehime/1/80 based on molecular hybridization tests may imply
that the different biological properties between both viruses depend on the
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restrictive changes of some of the structural genes, but definite conclusion
must await further studies.
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