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Ecological studies of influenza virus infection

among humans, ducks and swine

Jiro Arikawa
Department of Veterinary Public Health
Faculty of Veterinary medicine

Hokkaido University, Sapporo 060, Japan

Influenza type A virus is known to cause a pandemic of
diseases among humans at approximately 10 year intervals. As
it causes considerable loss thorough death of humans, the
disease has been called " the last plague". Each pandemic is
caused by different influenza type A viruses possessing HA or
NA proteins which were antigenically unrelated to those of
former one, and are called antigenic shift strains. Humans
do not possess a protective antibody against the HA protein
of the new shift strain. Therefore, an epidemic by this wvirus
can spread rapidly to all parts of the world. However, the
origin of the new pandemic (antigenic shift) strain still
remains unknown.

Influenza type A virus contains eight RNA segments
in the virion, and each segment codes for one polypeptide.
Because of its segmented RNA form, influenza type A virus has

been shown to cause a high frequency of genetic reassortment
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during mixed infection with two influenza viruses in vitro

andﬂiﬁ_ziyg. Recently, it has been reported that HA protein
of Hong Kong influenza virus is closely related to the HA
protein of horse and duck origin viruses from the antigenic
and genetic characterizations. The finding suggests that
Hong Kong influenza virus arises after genetic reassortment
between Asian (H2N2) and animal origin virus strains. There-
fore, it has been hypothesized that a new shift strain arises
through the genetic reassoriment between human and animal
origin viruses .

The present study was conducted to analyse the relation-
ships o©f prevalence of influenza among humans, ducks and
swine in Miyagi Prefecture, Japan. In addition, the possibi-
lity that genetic reassortment between human and animal
origin viruses occurrs in nature 1is discussed from
virological and serological characterizations. The results
were summarized as follows:

1. Seroepidemiological study of influenza virus
infection in swine in Miyagi Prefecture was done during the
period from July 1977 to August 1980. Fifty serum specimens
were collected monthly from six-to-seven-month-old hogs.
Hemagglutination inhibition (HI) antibody positive cases to
Hong Kong (H3N2) influenza virus were observed throughout
the prefecture. Positive ratios were increased in early

spring in accord with the epidemic season in humans. In
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March 1979, several seropositive cases were obtained,
although no Hong Kong influenza prevalence was reported among
humans in Miyagi Prefecture at that time. This finding shows
that swine may serve as reservoirs of Hong Kong influenza
virus. In the positive sera, HI antibody titers were
compared with four different Hong Kong influenza virus
variants isolated from 1968 to 1977 to analyse the infected
strain. The results demonstrated that several different Hong
Kong influenza virus variants were coexisting in swine
populations of this area.

In the case of swine influenza virus (HIN1) infection
among hogs in Miyagi Prefecture, seropositive cases began to
appear from September 1977 in a small county in the north-
eastern part of the prefecture. As no seropositive cases to
swine influenza virus had been reported, invasion of the
virus into swine populations in Japan was confirmed. The
number of contaminated areas then spread throughout this
prefecture until June 1979 . Several serum specimens showed
HI antibody against not only swine influenza virus, but also
Hong Kong influenza virus. These swine were considered to
infect serologically two differernt influenza type A viruses.
A group of sera obtained from hogs in one farm representd the
serum antibody against H1 and N2 antigen, but do not show H3

and N1. This serological examination clearly showed that
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genetic reassortment virus between Hong Kong and swine influ-
enza virus, possessing H1 and N2 enveloped antigen, caused
endemic 1in this farm. In addition to Hong Kong and swine
influenza virus infection, one serologically suspected case
of human H1 influenza virus infection was also obtained.
Serological examinations revealed that Hong Kong and swine
influenza viruses were coexisting and caused the epidemic

independently. And also, it was strongly indicated that pigs

may play an important role in the development of genetic
reassortment virus during double infection .
2, Isolation and characterization of influenza type A

viruses were carried out from 2,076 wild ducks captured in
Miyagi Prefecture from 1976 to 1881. A total of 41 influenza
type A viruses was isolated from cloacal and tracheal swabs
of wild ducks. HA and NA antigen of the isolates were
classified as 9 and 6 different subtypes, respectively. The
numbers of combination of HA and NA subtypes amounted to 18.
In several cloacal swabs, three to five different HA subtypes
could be detected. Morecover, three distinct virus strains
were isolated from one specimen by the limiting dilution
method; therefore, they were considered to infect several
influenza virus strains at the same time. These results
demonstrated that many kinds of influenza type A viruses were
coexisting among the duck populations and that mixed infec-

tion also frequently occurred. This finding suggested that
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genetic reassortment virus may arise frequently in nature.

Since 1977, H1 influenza viruses which possess HA anti-
gen related to swine influenza virus (HIN1) have been iso-
lated from ducks. These duck origin H1 viruses showed homo-
logous characteristics to each other in the HI test and
viral RNA patterns on polyacryl amide gel electrophoresis and
oligonucleotide mapping. Therefore, it was apparent that
this strain caused the epdemic in the duck population.
Although the HA of the duck origin viruses was identified as
H1, the viruses were distinguishable from H1 virus isolated
from swine and humans. The viral RNA patterns of the duck
and swine origin H1 viruses were found to be gquite differ-
ent, indicating that genetic reassortment of HA Ggenes
between them 1is unlikely. After the duck origin H1
influenza virus was intranasally inoculated into pigs, a
brief period of virus recovery with no serological response
was observed; whereas swine origin HIN1 virus produced sero-
conversion in the pigs inoculated.

3. Influenza epidemic in humans was analysed by wvirus
isolation and seroepidemioclogical procedures during an
epidemic season between 1977 and 1978. A total of 88
influenza type A viruses was isolated from 420 pharynx swabs
of influenza-like patients in Sendai City. The viruses were

56 H3N2 virus and 32 HIN1 wvirus, indicating that two differ-
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ent influenza type A viruses caused epidemics independently
during this winter season.

In the serological examination of 50 paired sera
collected from Junior high school students in Sendai City
before and after the epidemic season, seroconversion cases to
Hong Kong strain or H1 strain were observed. Five out of 12
seroconversion cases to Hong Kong influenza virus were also
positive to H1 influenza virus. Therefore, these five cases
were serologically considered to have been infected with two
different influenza viruses during this epidemic season.
From a pharynx swab of one influenza-like patient, three
different influenza virus strains (H3N2, HIN1 and H3N1) were
isolated by the limiting dilution method. This patient was
found to have been infected with Hong Kong and H1 influenza
viruses at the same time. In cases in which two different
type A influenza viruses coexist, humans may also serve -an
important role in bringing about genetic reassortment virus

during mixed infection.
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