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Two H1N2 recombinant viruses were isolated by a plaquing method from a
throat swab of a patient who was simultaneously infected with HlNl and H3N2
influenza viruses during the Tokyo epidemic of 1981. This is the first direct
evidence that recombination of influenza viruses occurred in the human body.

Since HlNl influenza virus reappeared in
1977, there have been several reports showing
that two subtypes (HlNl and H3N2) of influen-
za A viruses were prevalent during the same
periods and in the same areas (1, 3, 6, 7). Several
cases of simultaneous infection with these two
subtype viruses in one patient were observed in
some countries, and attempts were made to
isolate recombinant virus. Recombinant viruses
were found, but in all cases, they were isolated
from allantoic fluids after throat swabs of the
patients were inoculated into eggs (4, 9, 10).
Thus, the possibility could not be ruled out that
the patients' throat swabs contained only two
subtypes of parent viruses, and the recombinant
viruses were formed in the eggs, as those reports
discussed. We observed two cases of double
infection with two subtypes of influenza viruses
in 1981. This report describes the direct isolation
of the recombinant virus from the throat swabs
of one of the patients.
The plaque method for virus isolation was

carried out with MDCK cells. The virus was
grown in chicken embryo allantoic cavity. The
hemagglutination inhibition test was done by
using type-specific rabbit serum against A/Ku-
mamoto/37/79 (HlNi) and A/Bangkok/1/79
(H3N2), and the neuraminidase inhibition test
was conducted by the World Health Organiza-
tion method after the virus was treated with
Triton X-100 (2, 8).

Influenza HIN1, H3N2, and B-type viruses
were prevalent from February to April in 1981 in
southeast Tokyo. Of 88 patients with respiratory
illnesses in this area, 47 were demonstrated to be
infected with influenza viruses by serological
tests or virus isolation or both. Among them,
two brothers (patients no. 81-43, 5 years old, and
no. 81-48, 3 years old) fell ill at a 2-day interval
in the middle of February. Throat swabs were
collected from each 1 day after onset, and virus-
es were isolated from each specimen in monkey

kidney primary cell tube cultures. The virus 81-
48 was identified as H3 influenza virus by the
hemagglutination inhibition test. The virus 81-43
was difficult to identify because of its inability to
be inhibited in hemagglutination inhibition tests
with Hi, H3, or B-type-specific antiserum, but it
was identified as H3 virus after one more pas-
sage by limiting dilution. Paired sera of one
patient (no. 81-48) showed antibody rises to both
Hi and H3 antigens by the hemagglutination
inhibition test (serum of patient 81-43 could not
be collected). Then an attempt was made to
examine their throat swabs in more detail.
Each throat swab was inoculated into MDCK

cells to isolate virus by the plaque method. Of 30
plaques collected from the 81-43 throat swab, 21
clones grew in embryonated eggs. Twenty-seven
plaques were isolated from the 81-48 throat
swab, and 17 of them could be passaged by egg
inoculation. Identifications of the subtypes of
hemagglutinin and neuraminidase were done for
these egg-grown, cloned viruses. Table 1 gives
an example of serological characterization of
isolated clones. Nineteen clones from patient 81-
43 were identified as HlNi, and two clones were
H1N2 recombinant viruses (Table 1). In this
examination, numbers of plaques formed at each
dilution of the swab fluid (81-43) were as fol-
lows: at 100, 27, 31, 23; at 10-1, 9, 8, 9, 5; at
10-2, 2, 3, 2, 0. Recombinant viruses of 81-43-
02-2 and 81-43-1-2 (Table 1) were recovered
from clearly isolated plaques formed at 100 and
10-1 dilutions of the swab fluid, respectively.
The virus of 81-43-02-2 was further tested by
plaque formation without growth in any hosts,
and four plaques collected were all H1N2
recombinant viruses. However, H3N2 and
H3N1 recombinants were not isolated. On the
other hand, one HiN1 and 16 H3N2 viruses
were isolated from patient 81-48, but no recom-
binant virus was obtained (Table 1).
From these results, it was demonstrated by
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TABLE 1. Hemagglutinin and neuraminidase subtype identification of cloned virus'

HI titer with antiserum to: NI titer with antiserum to:
Clone A/Kumamoto/ A/Bangkok/ A/Kumamoto/ A/Bangkok/ Composition

37/79 (H1) 1/79 (H3) 37/79 (N1) 1/79 (N2)

81-43-
01-2 512 <128 160 <4 HlNl
02-1 1,024 <128 250 <4 HlNl
02-2 512 <128 <4 100 H1N2
0-3 512 <128 210 <4 HlNl
0-6 256 <128 250 <4 HlNl
0-7 256 <128 250 <4 HlNl
1-2 256 <128 <4 180 H1N2
1-3 256 <128 250 <4 HlNl
1-4 256 <128 160 <4 HlNl

81-48-
0-1 <128 .1,024 <4 105 H3N2
0-2 <128 -1,024 <4 80 H3N2
0-3 <128 .1,024 <4 105 H3N2
0-4 <128 .1,024 <4 140 H3N2
0-5 <128 .1,024 <4 80 H3N2
0-6 512 <128 100 <4 HlNl
0-7 <128 .1,024 <4 105 H3N2
0-8 <128 .1,024 <4 80 H3N2

Kumamoto 1,024 <128 160 <4 HlNl
Bangkok <128 4,096 <4 150 H3N2

a Abbreviations: HI, hemagglutination inhibition; NI, neuraminidase inhibition.
b Recombinant virus.

virus isolation with monkey kidney primary and
MDCK cells that the two siblings were simulta-
neously infected with Hi and H3 subtypes of
influenza viruses. Recombinant viruses were
isolated from one of their throat swabs directly
by the plaque method without passage through
any laboratory hosts. Therefore, it is strongly
suggested that the recombination of influenza
virus occurred in the human body when two
subtypes of viruses grew simultaneously in this
patient.

In the throat swab we found H1N2 viruses but
could not find H3N1 virus, whereas Yamane et
al. (10) and Kendal et al. (4) obtained only an
H3N1 recombinant, and Sakoh et al. (9) isolated
six clones of H3N1 and only one clone of H1N2
recombinant viruses from egg-passaged throat
swabs of patients suffering from double infec-
tions. Two types of recombinants (H1N2 and
H3N1) may be formed in the human body, but
we found only one combination in our experi-
ment; perhaps H3N1 virus grows more easily in
embryonated eggs than does H1N2 virus.

Since the winter of 1977-1978, influenza
HlNl and H3N2 viruses were prevalent in some
parts of the world at the same periods. Young
and Palese (11) found recombinant virus in
which hemagglutinin, neuraminidase, matrix,
and nonstructural protein genes were derived
from HlNl virus, and polymerase 1, 2, 3 and
nucleoprotein genes originated from H3N2 par-

ent in the winter of 1978-1979 in the United
States. Nakajima et al. (5) demonstrated that
this type of recombinant virus was prevalent all
over the world. It is not unlikely that such
recombinational events took place in the human
body, but direct evidence of this has not been
shown. The present studies confirmed the origin
of each gene for the cloned viruses obtained
directly from the throat swab of a patient coin-
fected with two subtypes. It is puzzling that
viruses with recombination in hemagglutinin or
neuraminidase genes, such as H1N2 or H3N1,
were not prevalent in nature, whereas HlNi
recombinant virus in which polymerase and nu-
cleoprotein genes were derived from H3N2 virus
was prevalent.
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