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the circulation). Intra-muscular gene trans-
fer has been widely considered for this pur-
pose, and the During paper now suggests
that the oral route may also be useful.

In the last few years, the field of gene ther-
apy has received some bad press. The initial
and, in our view, unreasonable expectations
have not been met, giving every opportu-
nity for the less enthusiastic to express their
reservations. We have previously stated our
view that gene therapy is in fact progress-
ing steadily and remains within the time
frame of development of a commercial
pharmaceutical product12. The During
report lends credence to this view.
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AT THE END of the First World War, which
caused the deaths of about nine mil-

lion people, there arrived an equally dev-
astating event: the pandemic outbreak of
Spanish flu, which killed more than 20
million people in the following two years.
One wonders whether Wilson Smith, suf-
fering from influenza about 15 years later
in 1933, realized that the strain of
influenza virus he carried—A/WS/33
(H1N1), a descendant of the Spanish flu
virus—would yield potential clues to the
extreme virulence of the 1918 pandemic
strain. Using a laboratory-adapted version
(WSN33) of the Smith strain, Goto and
Kawaoka1 describe in a recent issue of the
Proceedings of the National Academy of Sci-
ences a new mechanism for cleaving viral
hemagglutinin that confers increased vir-
ulence on the flu virus. The fascinating

question that arises from this work is
whether this new mechanism is involved
in the virulence of the Spanish flu virus,
which caused the 1918 pandemic.

Hemagglutinin is the major surface gly-
coprotein of the influenza virus and
enables it to attach to the host cell. Cleav-
age of hemagglutinin by host proteases—
generating a hydrophobic tail that is
essential for the fusion of viral and cell
membranes2—is a prerequisite for virus
replication and seems to be a key factor in
the virulence of influenza viruses. Mam-
malian and avirulent avian flu viruses usu-
ally have a single basic amino-acid residue
at their hemagglutinin cleavage site and

depend on specific host proteases found
in only one or two tissues for hemagglu-
tinin cleavage3. In two avian influenza
virus subtypes (H5 and H7), the introduc-
tion of a stretch of basic amino acid
residues near the cleavage site facilitated
cleavage of hemagglutinin by subtilisin-
like proteases found in all host tissues3.
This resulted in highly virulent fowl
plague viruses that invaded many tissues,
causing a characteristic systemic pathol-
ogy and high mortality.

Goto and Kawaoka describe a new way
to facilitate cleavage of influenza virus
hemagglutinin. They discovered that
another major glycoprotein of the WSN33
virus, neuraminidase N1, binds and
sequesters the ubiquitous protease precur-
sor plasminogen. This sequestration pro-
motes production of high levels of plas-
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humans infected with avian influenza A (H5N1) virus in Hong Kong in 1997 suggest that man himself may act as a ‘mixing vessel’.
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min at the surface of the virus, which
ensures highly efficient cleavage of
hemagglutinin and enables the virus to
invade a wide variety of tissues. They fur-
ther demonstrate that plasminogen bind-
ing depends on the presence of a carboxy-
terminal lysine and the loss of an
oligosaccharide side chain (due to a sub-
stitution of asparagine for arginine) at
position 146 of the neuraminidase.

The 38 bases of neuraminidase
sequence that have been determined for
the 1918 virus strain4 exactly match those
of WSN33, but unfortunately they do not
fall within the plasminogen binding
region. Plasminogen sequestration has
not been found in the pandemic influenza
A (H2N2) virus of 1957, the influenza A
(H3N2) virus of 1968, or in any other
influenza A (H1N1) virus, including the
Smith strain. The multiple passages of
WSN33 in chicken and mouse cells have
selected for a virus with a neurovirulent
phenotype5 that in evolutionary terms is
quite distant from its parent (Smith) strain
and the 1918 virus. This raises the ques-
tion of whether Goto and Kawaoka’s find-
ing is the result of the lengthy adaptation
process in the laboratory or whether it
could be acquired by (human) influenza
viruses in nature. Sequence analysis of the
appropriate region of the Spanish flu virus
neuraminidase may answer this question
in the future. It is hoped that tissue sam-
ples from American soldiers who died of
Spanish flu4 and from the recently
exhumed bodies of 1918 flu victims in
Brevig Mission (Alaska) and Spitsbergen
(Norway) will help in this endeavor.

The Goto/Kawaoka results are of great
interest because they indicate that acqui-
sition of facilitated hemagglutinin cleav-
age may be a crucial feature in the identi-
fication of flu virus strains that are highly
virulent. However, enhanced hemagglu-
tinin cleavage is certainly not the only
mechanism involved in acquisition of vir-
ulence. We and others have shown that
an avian influenza A (H5N1) virus was
responsible for the flu outbreak in Hong
Kong last year that infected at least eigh-
teen humans, six of whom died6,7. The H5
hemagglutinin of this particular virus con-
tained a stretch of basic amino acid
residues (also found in the virulent fowl
plague viruses) that enabled efficient
cleavage of hemagglutinin by the ubiqui-
tous subtilisin-like proteases. The fact that
this avian virus could replicate in humans
was surprising, as previous studies had
indicated inefficient replication of avian
influenza viruses in experimentally

infected humans8. Furthermore, in the
individual Hong Kong cases, there was no
evidence that the virus infected organs
other than the respiratory tract6, which
would be possible if hemagglutinin had
been cleaved by ubiquitous host proteases.
The pandemic potential of the Hong Kong
virus was clearly hampered by its  inability
to be transmitted between humans7.

Extensive sequence analysis of all eight
gene segments of different flu viruses
revealed that the pandemic influenza
strains of 1957 and 1968 are reassortants;
that is, they are a combination of avian
and human influenza viruses8. The gene
segments of human origin obviously pro-
vide the virus with the ability to replicate
in and spread among humans. The gene
segments of avian origin, including that
encoding hemagglutinin (which induces
virus-neutralizing antibodies), produced a
reassortant that would not encounter neu-
tralizing antibodies in a human popula-
tion unexposed to avian virus strains.

Studies on the host cell receptor speci-
ficities of avian, swine and human viruses9

as well as epidemiological data from swine
influenza outbreaks10 support the notion
that the pig is the likely intermediate for
reassortment events between avian and
human flu viruses11. The recent human
influenza A (H5N1) cases in Hong Kong
implicate man himself as an intermediate
host for human–avian virus reassortment
(see figure).

Predicting the time of the next
influenza pandemic and the viral subtype
involved is virtually impossible. Based on
the observations in Hong Kong in 1997,
one might expect a reassortant between
the avian influenza A (H5N1) virus and a
circulating human influenza A (H3N2) or
A (H1N1) strain. However, it may well be
that only influenza viruses with an H1, H2
or H3 hemagglutinin can efficiently
spread among humans. A repetitive cycle
of human infection with a limited number
of subtypes (H1-H2-H3) has been postu-
lated12. After antibodies against a certain
hemagglutinin subtype have effectively
disappeared from the population, a virus
of that subtype could re-emerge. Bearing
in mind that the 1977 re-emergence of
influenza A (H1N1) virus was not an
actual antigenic shift13, a Eurasian-like
swine H1N1 virus is a candidate for re-
introduction as a recycled 1918 influenza
A (H1N1) virus. Another possibility is the
reappearance of influenza A(H2N2) virus.
This subtype circulated over thirty years
ago but only for a short period of time.
Therefore, the prevalence of antibodies

against this subtype in the population is
limited.

It should be borne in mind that any
influenza virus subtype capable of repli-
cating in and spreading among humans
could be a candidate for the next
influenza pandemic. However, the only
safe prediction we can make now is that
another influenza pandemic will arrive.
Therefore, continued surveillance of
influenza in humans and animals, as well
as the elucidation of mechanisms that
determine the host range and virulence of
flu viruses, will provide the best possible
preparation for this inevitable event.
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