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SUMMARY

A total of 571 swine sera collected at an abattoir in the city of Obihiro,
Hokkaido during the period February-November 1984 were tested for antibody
against human (HlNl) influenza virus strains. A high prevalence of antibody was
observed for only 3 months from April to June in that year, in 81/180 sera (45-0 %)
to A/USSR/92/77 strain and in 50/180 sera (27-8 %) to a current epidemic strain
(A/Hokkaido/1/84). Some cross-reactions were observed between the
A/USSR/92/77 and A/Hokkaido/1/84 antibodies (r = 0-75). Only minor relation-
ships were noted between the A/New Jersey/8/76 (swine type HlNl) and
A/USSR/92/77 (r = 0-35)orA/Hokkaido/l/84(r = 0-51) antibodies. Absorption of
sera positive for antibody to the A/Hokkaido/1/84 strain with the homologous
virus strain removed all detectable antibodies, while the absorption of the sera
with the A/New Jersey/8/76 strain produced incomplete absorption in one half
of the sera tested. These results strongly suggest that the swine became infected
with a human HlNl virus as piglets during an epidemic of influenza which
occurred in the human population during January and February 1984.

INTRODUCTION

An epidemic of swine influenza virus infection in Japan was recognized first in
1977 (Shibata et al. 1978). Further outbreaks of the disease and a high prevalence
of antibody to swine virus in many prefectures were reported by several workers
(Yamane et al. 1978; Ohno et al. 1980; Sugimura et al. 1981; Ogawa et al. 1983).
An outbreak of influenza virus infection due to an H3N2 strain was recognized in
a herd of swine in Osaka, Japan (Sugimura et al. 1975). Later the coexistence of
swine (HlNl) and human (H3N2) influenza viruses was confirmed by serological
and virological studies on the Japanese swine population (Onta et al. 1978;
Yamane, Sukeno & Ishida, 1978; Sugimura et al. 1980; Arikawa et al. 1982). In
a previous report (Hirano et al. 1985), we suggested strongly that the swine were
infected with H3N2 virus as piglets or adults during a human epidemic with the
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virus in the period January to March in that year in the Obihiro district of
Hokkaido, Japan. In this paper we report the serological investigation of H1N1
influenza virus infection among the swine population in the same district because
it has been reported that only 6 out of 820 swine sera collected in the years 1978-9
in Japan contained antibody to human H1N1 strains (Arikawa et al. 1979), and
because strains of H1N1 virus from man may be transfered to swine at a much
lower frequency than H3N2 strains (Nerome et al. 1982).

MATERIALS AND METHODS

Serum samples
Swine sera were obtained from 571 swine approximately 7 months of age during

the period February-November 1984 at the Obihiro abattoir. The sera were
collected from 60 swine per month, except for February, and stored at —30 °C
until tested. For serological testing, the sera were treated with both potassium
periodate and a commercial receptor-destroying enzyme (Takeda Chemical Indus-
tries Ltd, Osaka, Japan). Details of the methods have been described elsewhere
(Goto & Shimizu, 1977).

Virus strains
Two reference strains of A/USSR/92/77 (human type H1N1) and A/New

Jersey/8/76 (swine type H1N1), and one Hokkaido strain (A/Hokkaido/1/84,
human type H1N1) were used in this study. The Hokkaido strain was isolated
from a patient in the Hokkaido Institute of Public Health, Sapporo and used in
comparison with the A/USSR/92/77 strain. These strains were used after at least
seven passages in 10-day-old embryonated hen's eggs. Infected allantoic fluid,
after treatment with ethyl ether by the usual method (one volume:one volume
of virus), was used as antigen for the serological tests.

Hemagglutination-inhibition (HI) test
The technique of the HI test in a microtitre system has been fully described in

a preceding paper (Goto et al. 1978). An HI titre of ^ 8 was recorded as positive.
Chicken antisera prepared to the three viruses served as positive controls
throughout.

Antibody absorption test
The HI antibody absorption technique used in this study was essentially the

same as that described by Jensen & Francis (1953). The minimal volume of chicken
erythrocyte-virus complex which would completely remove 32-64 units of
homologous HI antibody in a single absorption was used for the absorption of
serum.

RESULTS

Antibody response of swine to H1N1 viruses
The results of monthly testing for HI antibodies to the human and swine strains

of H1N1 virus in 571 swine arc compared in Fig. 1. No clinical evidence of an
outbreak of influenza-like disease in swine was found in the Obihiro district
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Fig. 1. Monthly distribution of HI antibodies to A/USSR/92/77, A/Hokkaido/1/84

and A/New Jersey/8/76 strains in swine sera (N = 571).

throughout the observation period. However, a number of antibody-positive swine
were recognized: 81 (14-2 %) to A/USSR/92/77, 58 (10-2 %) to A/Hokkaido/1/84
and 128 (22-4%) to A/New Jersey/8/76 strains, respectively. Of these, the
majority of the swine with positive antibodies to A/USSR/92/77 (81/180,45-0 %)
and A/Hokkaido/1/84 (50/180, 27-8%) strains were recorded during the period
from April to June. In contrast, swine sera showing HI antibodies positive to
A/New Jersey/8/76 were found throughout the period between February and
September.

Comparison of HI antibodies to human and swine strains
Fig. 2 compares the titres of antibodies to the A/USSR/92/77 and

A/Hokkaido/1/84 or A/New Jersey/8/76 strains in the 60 swine sera collected in
June 1984, because it was a month in which a high proportion of the swine had
sera positive to A/USSR/92/77 and A/Hokkaido/1/84 strains. There was a
strong correlation between antibody titres to A/USSR/92/77 and
A/Hokkaido/1/84 in 55 of the sera (91-7 %, r = 0-75). Only five sera (8-3 %) showed
a significant difference (^ four fold) in the HI antibody titres to the two strains.
In contrast, comparable titres to A/USSR/92/77 and A/New Jersey/8/76 strains
were found in 43 sera (71-7 %, r = 0-35), while 17 sera (28-3 %) showed ^ four fold

https://doi.org/10.1017/S0022172400063701 Published online by Cambridge University Press

https://doi.org/10.1017/S0022172400063701


506 Y. MIWA, H. GOTO, S. NORO AND N. SAKURADA

Fig. 2. Relationships between A/USSR/92/77 and A/Hokkaido/1/84 or A/New
Jersey/8/76 antibodies in HI tests with 60 swine sera collected in June 1984.
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Fig. 3. Cross-absorption tests of swine sera. Outlined areas indicate HI titre against
A/Hokkaido/1/84 and A/New Jersey/8/76 strains with unabsorbed sera, and hatched
areas represent the titre after absorption of the sera with each strain.

differences in titres. Similarly, titres to A/Hokkaido/1/84 and A/New Jersey/8/76
strains were similar in 46 sera (76*7%, r = 0*51) and differed in 14 sera (23*3 %)
respectively (data not shown).

Cross-absorption tests
Repeat HI tests were done on seven sera obtained in June 1984 and positive

for antibodies to the A/Hokkaido/1/84 or A/New Jersey/8/76 strains (Fig. 3).
Absorption of the sera with A/Hokkaido/1/84 or A/New Jersey/8/76 strains
completely removed the homologous antibody from all the sera tested, but did not
remove all the heterologous antibody. Three and five sera among seven retained
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Fig. 4. Epidemics of influenza among school children in 1981-4. The type or subgroup
of hemagglutinin of the viruses isolated in each epidemic is given in parentheses.

some antibody after absorption with A/New Jersey/8/76 and A/Hokkaido/1/84
respectively.

DISCUSSION

H3N2 strains of influenza virus appear to be widespread in animals, especially
in swine. The presence of this serotype has been demonstrated by many workers
by both isolation and serology, whereas evidence for the spread of human H1N1
viruses from human to swine has been described only in France, England and
Thailand (Alexander, 1982). In Japan, of 820 sera collected from swine between
July 1977 and February 1979, only 6 (0-73 %) were found to contain HI antibodies
to the A/FM/1/47(H1N1) strain (Arikawa et ah 1979). However, of 571 swine
tested in the present study, many (10-14%) had HI antibodies to human H1N1
viruses, with the majority of these being found in the period from April to June
1984.

As shown in Fig. 4, epidemics of human influenza throughout Japan and in the
Obihiro district were recognized between January and March each year. The data
in this figure were extracted from the national statistics on influenza in school
children in the Weekly Report on Infectious Disease published by the Bureau of
Health Information, Ministry of Health and Welfare of Japan, in 1981^4. The
prevalence of H1N1, H3N2 and type B or C strains varied, although H3N2 strains
were present in all the epidemics recorded in Japan and Obihiro during the years
1981-3. In 1984, however, only H1N1 strains were prevalent in Obihiro district,
and more than 20000 children were infected with this virus between the third week
of January and the first week of February.

As described above, many swine sera showed HI antibodies to the human H1N1
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viruses between April and June, while those reacting positively to the swine H1N1
virus (A/New Jersey/8/76) were distributed throughout the observation period,
except for October and November. Moreover, absorption of seven positive sera
with human or swine H1N1 viruses resulted in complete removal of homologous
antibody in all the sera tested, but failed to remove all the heterologous antibody.
In Japan, swine are usually slaughtered at the age of 7 months, and the findings
in this study strongly suggest that the swine with antibody to human H1N1 virus
were asymptomatically infected with this virus in the first 2-4 months of age in
the epidemic of human influenza in this area.

In a previous report on the prevalence of H3N2 virus-antibody in Japanese
swine (Hirano et al. 1985), we described a high response by the swine to the
epidemic strain of human influenza virus compared to the previous strain, from
which a minor antigenic drift has taken place among the strains isolated during
the observation period. In the present study, the prevalence and titres of HI
antibodies were generally lower to the infecting A/Hokkaido/1/84 strain than to
the older A/USSR/92/77 strain. There is no obvious reason for this discrepancy
in the results, although an antigenic analysis was not performed on the strains
used in this study.

This study was supported in part by a grant-in-aid (No.0054-8063) for scientific
research from the Ministry of Education, Science and Culture of Japan. We wish
to thank Dr Nerome, of the National Institute of Health and Welfare of Japan,
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