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he completion of the genetic sequencing of the

1918 influenza A virus by Taubenberger et al.!
and the subsequent recovery of the virus by Tumpey
et al.? using reverse genetic techniques are spectacular

achievements of contemporary
molecular biology and provide im-
portant insights into the origin of
pandemic influenza. The three
pandemic viruses that emerged
in the 20th century — the 1918
(“Spanish influenza”) HIN1 vi-
rus, the 1957 (“Asian influenza”)
H2N2 virus, and the 1968 (“Hong
Kong influenza”) H3N2 virus —
all spread rapidly around the world,
but only the 1918 virus was as-
sociated with mortality measured
in the thousands per 100,000 pop-
ulation.

In both 1957 and 1968, a new
influenza virus emerged because
of reassortment events involving
two influenza viruses. The seg-
mented genome allows each in-
fluenza A virus to exchange ge-
netic material with other influenza
A viruses. In 1957, dual infection
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of an individual animal — proba-
bly a human, but possibly anoth-
er species, such as a pig — with
an avian H2N2 influenza and a
human H1N1 influenza resulted
in the emergence of a new influ-
enza virus containing the hemag-
glutinin, the neuraminidase, and
the gene for one of the polymer-
ase proteins (PB1) from the avian
virus, along with the remaining
five genetic segments from the hu-
man H1INT1 influenza virus.

The new reassortant virus cir-
culated in humans until 1968,
when it was replaced by another
reassortant virus, the H3N2 Hong
Kong virus — created by the re-
placement of the hemagglutinin
(H2) and polymerase (PB1) genes
of the H2N2 virus with two new
avian genes, H3 and a new PB1.
Today, the descendants of this
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virus continue to cause the major-
ity of influenza infections in hu-
mans (see diagram). Five of the
genes of today’s H3N2 influenza
virus have their origin in the 1918
pandemic.

The startling observation of Tau-
benberger et al. was that the 1918
virus did not originate through
a reassortment event involving a
human influenza virus: all eight
genes of the HIN1 virus are more
closely related to avian influenza
viruses than to influenza from
any other species, indicating that
an avian virus must have infected
humans and adapted to them in
order to spread from person to
person. Thus, pandemic influen-
za may originate through at least
two mechanisms: reassortment
between an animal influenza vi-
rus and a human influenza virus
that yields a new virus, and direct
spread and adaptation of a virus
from animals to humans.

The concern at present relates
to the widespread epidemic of
avian H5NT1 influenza in domes-
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