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Highly virulent avian influenza viruses can arise from avirulent strains maintained in poultry, but evidence
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to support their pneulm- from viruses in wild Inrds is lacking. Th: most likely mechanism for the acquisition
of virulence by benign avian viruses is the i of RNA
by the selection of virulent viruses. To investigate whether this mechanism could apply to wild waterfow, we

studied an virus that repli poorly in After 24 by air sac

five in chicken brain, the avirulent virus became highly pathogenic in
chickens, producing a 100% mortality rate. S at the site of the
original isolate a typical type of R-E-T-R, which progressed incrementally to a

typical virulence type of sequence, R-R-K-K-R, during repeated passages in chickens. These results demon-
strate that avirulent viruses maintained in wild waterfowl in nature and bearing the consensus avirulence type
sequence R-E-T-R have the potential to become highly while in

HE - RENHERFEREMBERREAKRR

The severity of avian influenza virus infections varies con-
siderably with the strain of virus (5). i

tation without trypsin (13, 16, 19, 21, 25, 27) or by site-directed

by
most of these viruses are asymptomatic, although a few highly
pathogenic strains (HS or H7 subtype) can cause systemic
“fowl plague” disease, which has been associated with high
mortality rates during severe outbreaks in poultry (5). Highly
virulent avian influenza viruses have arisen from unrulun vi-
ruses in poultry (2, 6, 7). Still lacking, however, is to

is of the HAs in in vitro expression systems (11, 12,
20, 27). These studies indicated that two structural features, (i)
a specific motif consisting of a series of basic amino acid se-
quence at the ge site and (ii) a car side chain
in the near vicinity, are crucial for determining HA cleavability
by the proteases. For the HA to be cleaved completely by

support the concept that benign viruses carried by wild birds
can acquire high virulence after direct transmission to poultry.
Although the y of avian viruses is a
ic trait, the in (HA) surface glycoprotein
plays a central role (3, 15). The HA of virulent viruses is
cleaved in tissue culture and does not require an exogenous
protease for plaque formation. The HAs of virulent viruses
differ from those of avirulent influenza A viruses by virtue of
possessing multiple basic amino acids at the carboxyl terminus
of HAL This structural feature permits cellular proteases, such
as the ubiquitous furin and PC6, which recognize multiple
basic amino acids, to cleave the HA and render the virus
infectious and able to spread to a variety of organs, leading to
systemic infection. By contrast, avirulent-virus HAs do not
possess a series of basic amino acids at the cleavage site and
are cleaved only by trypsin-lik which are
from cells in the respiratory or -nrunnal tract, or both, so that
the viruses only produce localized infections, resulting in mild
or asymptomatic infections.
The structural requirement for HA cleavage by furin and
PC6 has been studied extensively by the selection of variants
whose HA cleavabilities were altered during cell culture adap-

* Corresponding author. Mailing address: Department of Veteri-
nary Public Health, Faculty of Agriculture, Tottori University, Tottori
680-8553, Japan. Phone: 81-857-31-5437. Fax: 81-857-31-5437. E-mail:
toshiito@ muses.tottori-u.ac.jp.
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in cell culture, a motif of X-X-R-X-R/
K-R(X =a nonhaslc residue) must be present at the cleavage
site, if a carbohydrate chain is nearby. Otherwise, a motif of
R/K-X-R/K-R is adequate.

Among the many outbreaks of disease caused by highly
pathogenic avian influenza viruses, one in the United States in
1983 (2) and another in Mexico in 1993 1o 1995 (6, 7) were
unique in that they were initiated by an avirulent precursor
virus that later became highly pathogenic. In the U.S.
epizootic, both avirulent and virulent viruses had a series of
basic amino acids at the HA cleavage site; however, the latter
lost an oligosaccharide side chain in the vicinity of this site due
1o a single mutation, providing unimpeded access to furin and
PC6 and thus a means to acquire high HA cleavability (10). In

the k, the original virus had a typical
avirulence type of sequence at the HA cleavage site, R-E-T-R,
which 10 a virul type of R-K-R-K-T-R,

during replication in chickens (6, 7). Ammugh these outbreaks
demonstrate that virulent viruses can arise from avirulent pre-
cursors in poultry, it is still unclear if the latter originated in
wild birds, as one might predict from epizootic studies of avian
influenza viruses. To address these issues, we passaged an
avirulent wild-swan virus in chickens, monitoring the changes
in structure and i ity that accrued during the
study.

A/whistling swan/Shimane/499/83 (H5N3) was isolated from
wild waterfowl that had migrated to Japan (22). Mardin-Darby
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