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Influenza

The world is teetering on the edge of a pandemic that could kill
a large fraction of the human population

Robert G. Webster and Elizabeth Jane Walker

t has all the makings of a cheesy

Hollywood horror flick: A shape-
shifting killer travels the globe, leaving
millions of corpses in its wake, and the
world’s medical community can’t stop
the carnage. It's a sophomoric idea for
a movie script, but that’s exactly what
unfolded during the waning months of
the first World War, late in 1918, and
through much of 1919. Within 10
months the influenza virus affected the
lives of up to 500 million people across
the globe and killed at least 20 to 40
million—more than twice the number
who died on the battlefields of World
War I. Many epidemiologists believe
that a similar scenario will happen
again. But this time it will be worse.

This is not hyperbole. In 1997 the
world came perilously close to another
global epidemic of the “flu.” If this par-
ticular virus had attained the ability to
spread from person to person, the pan-
demic might have taken the lives of a
third of the human population. As it
was, only six people died—and all of
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them had contracted the virus from
chickens sold in Hong Kong poultry
markets. The only thing that saved us
was the quick thinking of scientists
who convinced health authorities to
slaughter more than a million domesti-
cated fowl in the city’s markets. The
avian virus turned out to be a new
strain—one that the human population
had never seen before. These deadly
new strains arise a few times every
century, and the next one may arrive
any day now.

Most of us are reminded of influenza
every autumn when the medical com-
munity invites the public to receive the
annual “flu shot,” or when we suc-
cumb to a mild form of the disease dur-
ing the winter months. Symptoms typi-
cally include fever, chills, sore throat, a
lack of energy, muscular pain,
headaches, nasal congestion and a sup-
pressed appetite. But the flu can quick-
ly escalate, prompting bronchitis, sec-
ondary infections, pneumonia, heart
failure and, in many cases, death. In-
fants, the elderly and people with sup-
pressed immune systems are at highest
risk of dying from the flu. People who
have serious conditions such as lung or
cardiovascular disease are also in dan-
ger. The exception to these risk factors
occurred in the 1918 “Spanish flu” pan-
demic, when almost half of the people
who died were between the ages of 20
and 40. It’s still not clear why previous-
ly healthy people in this age bracket
had such high mortality rates.

Lesser influenza pandemics took
place in 1957 (the “Asian flu”) and
1968 (the “Hong Kong flu”). There
were also flu “scares” in 1976 (the
“swine flu”) and in 1977 (the “Russ-
ian flu”). Precisely how and when the
influenza virus will develop into an
extremely pathogenic form is beyond

our current ability to predict. We un-
derstand the virus’s structure, how it
enters the cells of the human body
and how it evades detection by the
host’s immune system, but knowing
these things is not enough to stop an-
other pandemic. The issues extend be-
yond science into the realms of inter-
national and local politics, national
budgets, and deeply entrenched cul-
tural traditions. The purpose of this
article is not to instill fear, but to edu-
cate—the more people there are who
understand the problems, the more
chance we will have to contain the
next outbreak.

In-Flew-Enza

Influenza is spread from person to per-
son by coughs and sneezes, but the
virus doesn’t begin its journey in a hu-
man host. Instead, wild aquatic birds
such as ducks and shore birds perpetu-
ate the influenza viruses that cause hu-
man pandemics. Although these birds
carry the genes for influenza in their in-
testines, they usually don’t become sick
from the virus. And because they can
migrate thousands of miles, the healthy
birds can spread the virus across the
globe even before the microbe makes
contact with the human population.

As it happens, the form of the virus
found in wild birds doesn’t replicate
well in human beings, and so it must
first move to an intermediate host—
usually domestic fowl or swine—that
drinks water contaminated by the fe-
ces of aquatic birds. Horses, whales,
seals and mink are also periodically
infected with influenza. Although the
intermediate hosts can sicken and die
from the infection, swine can live long
enough to serve as “mixing vessels”
for the genes of avian, porcine and hu-
man forms of influenza. This occurs
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Figure 1. Hong Kong poultry markets saw the slaughter of more than one million birds in 1997 to prevent the spread of the “bird flu” in the hu-
man population. The 1997 outbreak of the H5N1 influenza virus was the first direct evidence that avian influenza viruses could be transmitted
to human beings. Eighteen people were infected and six died, suggesting a high rate of virulence. The extent of the outbreak was curtailed by
the destruction of the birds. At press time, H5N1 has reappeared in Hong Kong poultry farms, live-bird markets and, most alarmingly, in the
area’s free-flying wild birds. The virus is causing significant mortality in aquatic birds in Kowloon Park. But to date there is no evidence that
this virus has been transmitted to people. Here author Robert Webster (left) briefly pauses with a colleague in a wholesale poultry market in
1997 on the day that all of the live poultry in Hong Kong were destroyed. (Image courtesy of the authors.)

because swine have receptors for both
avian viruses and human viruses.

Swine have probably played an im-
portant role in the history of the human
disease. These animals appear to serve
as living laboratories where the avian
and mammalian influenza viruses can
come together and share their genes (a
reassortment of RNA segments) and cre-
ate new strains of flu. When a strain of
virus migrates into the human popula-
tion, it changes into a disease-causing
microbe that replicates in the respirato-
ry tract. A sneeze or a cough spreads
the virus in a contagious aerosol mist
that is rich in virus particles.

Most pandemics originate in China,
where birds, pigs and people live in
close proximity. Hong Kong’s 1997
“bird flu” was an avian influenza virus
that probably attained virulence
through reassortment of genes from
geese, quail and teal. Many bird species
were housed together in the Hong
Kong poultry markets, and this was an

ideal environment for reassortment.
This strain of influenza killed thousands
of chickens before it moved to human
beings. Eighteen people were infected—
all through direct transmission from
chickens, not from contact with other
people. In this instance, the outbreak
was curtailed before the virus could
mutate into a form that could spread
from person to person. Scientists had
known since 1972 that the influenza
virus originated in aquatic birds, but the
1997 epidemic was the first case to doc-
ument influenza’s direct transference
from poultry to people.

Anatomy of a Killer

Influenza viruses are members of the Or-
thomyxoviridae family, and they fall into
one of four genera—A B, C and thogo-
tovirus, which is a tick-borne virus. Type
C influenza does not seem to cause seri-
ous disease. The type B virus, recently
isolated from seals in Holland, often cre-
ates regional epidemics in human popu-

lations. But type A influenzas have avian
lineages, and these are the viruses that
cause human pandemics.

The influenza virus contains eight
separate RNA segments that encode
genes for at least 10 proteins. This un-
usual genetic structure explains why
reassortment happens so often. If two
different viruses infect the same cell, an
exchange of gene segments can easily
take place, yielding up to 256 (or 28)
different offspring.

Type A influenzas are categorized by
the structural variations of two glyco-
proteins, hemagglutinin (HA) and neu-
raminidase (NA), which protrude from
the surface of the virus. HA's job is to at-
tach the influenza virus to the sialic acid
receptors on the surface of the human
cell. After binding, the flu virus pene-
trates the host cell; there, viral RNA
strands move into the cell’s nucleus.
The viral RNA strands encode messen-
ger RNA and ultimately produce new
virus particles. The task of NA is simple
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but important: It enables the newly cre-
ated virus to separate from the host cell
and travel freely from one cell to anoth-
er through the respiratory tract.
Scientists have identified 15 HA and
9 NA subtypes, all of which are found
in avian hosts. Epidemics occur when
the HA or the NA proteins mutate. The
subtypes of type A viruses are named
according to the particular variants of
the HA and NA molecules they con-
tain—such as HINTI, the culprit in the
1918 holocaust and the 1976 “swine flu”
scare, or H5N1, the “bird flu” of 1997.
Influenza’s unpredictability springs
from its ability to alter its HA and NA
surface proteins and so avoid identifica-
tion by the host’s immune system. When
a person is infected with the flu, the im-
mune system produces antibodies and
cell-mediated responses against all of the
virus’s gene products (antigens). If the
person later encounters the same virus,
his antibodies will bind to it and prevent
an infection. However, the virus can alter
antigenic sites—points on the HA and
NA molecules where the antibodies
would normally bind—by the process of
antigenic drift. In DNA-based genomes a
proof-reading enzyme carefully scruti-
nizes the process of copying a strand of
DNA, catching and correcting any mis-
takes made during replication. But, like
other RN A-based viruses, the influenza
virus lacks a proofreader, so mistakes
made during replication go uncorrected

I had a little bird ...

and the virus can mutate swiftly. The
mutations can change the antigenic sites
in such a way that the host’s antibodies
no longer recognize the virus.

The HA and NA molecules are par-
ticularly important in antigenic drift. As
genetic point mutations are gradually
accumulated by the viral genome, and
the HA or NA genes and proteins have
undergone several minor changes, the
host’s antibodies no longer recognize
them, and the person may sicken again.
Type B influenza strains use this process
to alter the amino acid structure of these
proteins and so evade the human im-
mune system.

Every 20 to 30 years or so, the type A
influenza virus undergoes an antigenic
shift. If antigenic drift were compared
to a shudder, antigenic shift would be
likened to an earthquake. Antigenic
shift engenders a much more immedi-
ate and dramatic change in the HA
glycoprotein. During antigenic shift,
genes from other influenza subtypes
can completely replace the HA and
NA proteins with new ones that the
host has never experienced. When hu-
man immune systems cannot recog-
nize the new virus, a pandemic ensues.

Scrutinizing the Shift

Influenza was first described by Hip-
pocrates as early as 412 B.C., and the
tiny virus has spent the succeeding cen-
turies shifting, drifting and wreaking

havoc. Humanity has been seeking
ways to eliminate the threat since the
first pandemic was recorded in 1580.
Although the Spanish flu happened
nearly a century ago, the extreme path-
ogenicity of the HIN1 1918 influenza
virus is still not understood. Virologists
have traveled the world to obtain sam-
ples of the virus so that they could un-
lock the secrets of its virulence, even
exhuming victims from the Alaskan
and Norwegian permafrost. Jeffery
Taubenberger and his colleagues at the
Armed Forces Institute of Pathology
studied bodies and fragments of lung
samples that had been stored in paraf-
fin blocks since 1918. Through se-
quence and phylogenetic analysis of
RNA fragments taken from the lung
tissues, they determined that the virus
was avian in origin but was closely re-
lated to a strain of influenza that is
known to infect swine. Ongoing studies
of the total genome sequence may
someday uncover reasons for the po-
tency of this strain of influenza. If they
can understand the genome of the virus
and the genome of the host, scientists
may be one step closer to pinpointing
which viruses in the wild will cross
over to human beings.

When the H5N1 virus leapt from
poultry to people in 1997, scientists
from the World Health Organization
(WHO) immediately began to investi-
gate the phenomenon. Postmortem ex-

Nearly 500,000 people died of the flu in the United States from 1918 to 1919. In many cities, public gatherings were prohibited, live-
stock markets were closed and coffins were in short supply. American troops unwittingly participated in biological warfare as they
carried the “Spanish flu” to the battlefields of Europe during the first World War. Forty percent of the healthy young Americans who
shipped out for Europe succumbed to influenza rather than the flying bullets on the battlefield. In time, the enormity of this event

was lost to our cultural memory.

An army hospital at Camp Funston, Kansas, is filled with soldiers
suffering from the influenza epidemic near the end of World War 1.
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I had a little bird,

And its name was Enza
I opened the window,
And in flew Enza

After the 1918 influenza epidemic in the United States, little girls
jumped rope to a new rhyme.
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Figure 2. Type A influenza viruses—which are responsible for human pandemics—are spheroidal particles (left), about a tenth of a micrometer
across. The virus is characterized by a relatively simple structure (right):. an internal nucleocapsid, containing the viral genome, and a sur-
rounding envelope consisting of an inner matrix protein, a lipid bilayer and external surface proteins. The genome consists of eight single-
stranded RNA segments that code for 10 proteins: PB2, PB1, PA, HA (hemagglutinin), NP (nucleoprotein), NA (neuraminidase), M1 (matrix pro-
tein), M2 (ion-channel protein), and two nonstructural proteins, NS1 and NS2. Subtypes of the type A virus are classified according to structural
variants for the two surface proteins: hemagglutinin (15 variants—H1 to H15) and neuraminidase (9 variants—N1 to N9). An ion-channel pro-
tein (M2), embedded in the lipid bilayer, is a target for the antiviral drugs amantadine and rimantadine, which inhibit the protein’s function.
(False-color micrograph courtesy of Gopal Murti, St. Jude Children’s Research Hospital.)

aminations of two victims revealed
unusually high levels of cytokines—
proteins such as interferon and tumor
necrosis factor-alpha (TNF-0)—that
regulate the intensity and duration of
the immune response. These cytokines
are the first line of defense against
viruses. They are part of the innate im-
mune response, a nonspecific response
that will target any pathogen and does
not require a previous exposure to a
virus (unlike the production of anti-
bodies, which does require the expo-
sure to viral antigens). Studies of hu-
man macrophage cultures, by Malik
Peiris and his colleagues in Hong
Kong, show that the H5N1 virus caus-
es an exaggerated response of cy-
tokines (such as TNF-a), and this
could result in a toxic-shock-like syn-
drome (including fever, chills, vomit-
ing and headache), which ultimately
results in death. Although the cy-
tokines can sometimes inhibit its pro-
liferation, the virus may develop
strategies to subvert this innate im-
mune response.

This is what happened in Hong
Kong. The H5N1 virus found a way to
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circumvent the effects of the infection-
fighting cytokines. Sang Seo, Erich
Hoffmann and author Robert Webster
at St. Jude Children’s Research Hospi-
tal used reverse genetics—the opposite
of the traditional gene-to-protein direc-
tion of genetic analysis—to identify a
gene that played a crucial role in the
transformation of the influenza virus.
The new technology offers many tanta-
lizing opportunities: It might drastical-
ly reduce the time required for vaccine
production, and it might help scientists
gain insights into viral pathogenicity.
We removed the so-called nonstruc-
tural (NS) gene from H5N1 and inserted
it into a previously benign strain of flu.
Experiments showed that the newly
transformed virus was considerably
more virulent in swine. Pigs infected
with a virus that carried the NS gene ex-
perienced much more severe and pro-
longed fever, weight loss and viremia
than pigs that were not infected with a
virus containing that gene. This sug-
gests that the product of the NS gene,
the NS1 protein, plays a crucial role in
limiting the antiviral effects of the cy-
tokines. According to Adolfo Garcia-

with permission only. Contact perms@amsci.org.

Sastre and Peter Palese of the Mount
Sinai School of Medicine, and their col-
leagues, the NS1 protein seems to do
this by downregulating the expression
of genes involved in the molecular
pathway that signals the release of the
cytokines.

Gene sequencing reveals that a single
point mutation occurred in the NS gene
of the Hong Kong virus. This changed
the identity of an amino acid—glutam-
ic acid at position 92 in the NS1 pro-
tein—which produced a version of the
protein that was much more effective
at downregulating the activation of the
cytokines than the normal version. This
made the Hong Kong virus much more
virulent than other influenza viruses—
a remarkable consequence for such a
tiny alteration. These discoveries might
help us to understand the extreme
pathogenicity of the 1918 influenza
virus, and they perhaps suggest new
targets for drug development.

In 2001 a new variety of the H5N1
virus surfaced in the live poultry mar-
kets of Hong Kong, but this time the
fowl were slaughtered before people
could become infected. Yet another
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Figure 3. Hemagglutinin subtypes—HI1 to
H15—have been found in various combina-
tions among human beings, mammals and
birds. All 15 subtypes are present in avian
species, mostly aquatic birds. Five subtypes
have been found in human beings, but the
H5 and H9 subtypes have not established lin-
eages in our species. Similarly, H4 and H7
have been isolated in seals, and H4 and H9
have been isolated in swine, but these sub-
types have not yet established lineages in
these animals. Aquatic birds usually don’t
become sick from the virus, and they are be-
lieved to be the living repositories for all sub-
types of the type A viruses. (Adapted from a
graphic by the International Influenza Edu-
cation Panel.)

genotype of H5N1 appeared in 2002.
This evidence indicates that viruses
similar to the 1997 strain are still circu-
lating in the bird population of South-
east China. They are reassorting and
making new versions of H5N1—not
the same virus that surfaced in 1997,
but different mutations that retain the
same HA and NA configurations.

Prevention and Treatment
The changeable nature of the influenza
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virus ensures that it can escape im-
mune surveillance and circumvent the
body’s defense mechanisms. Moreover,
the influenza vaccine that protected
humans against infection last year may
be ineffectual this year. Scientists at
more than 100 WHO laboratories are
constantly collecting and analyzing the
influenza viruses that circulate in the
human population worldwide. After
isolating the viruses for antigenic and
molecular analysis, WHO scientists an-
nually identify two type A strains and
one type B strain that are most likely to
cause epidemics during the coming
season. Vaccine manufacturers then in-
corporate all three strains into the vac-
cine composition that will be used for
that year. The resulting flu shots pro-
tect individuals only from the targeted
strains—not from unexpected viruses
that may arise after the WHO determi-
nation has been made.

Years ago, influenza vaccines were
impure, whole-virus vaccines that
caused the recipients to run fever and
display other flu symptoms. Most
pharmaceutical companies today split
the virus into subunit vaccines, which
contain only specific viral protein
units. To create the vaccine, technicians
grow the vaccine virus in fertile hens’
eggs. The virus is then inactivated (so
that it cannot cause infection) and pu-
rified. Because these vaccines are not
made of live viruses, but only purified
portions of those viruses, immuniza-
tion promotes immunity but does not
cause infection. The human immune
system then creates antibodies that at-
tack viruses containing those proteins.

Several other types of vaccines are
also in development. Some evidence
suggests that weakened live-virus vac-
cines may prompt a more protracted
immune response than subunit vac-
cines. Recent clinical trials by Robert
Belshe of St. Louis University School of
Medicine and William Gruber of Van-
derbilt University have indicated that a
new nasal spray containing such a live-
virus vaccine is safe and effective in
both children and adults. DNA vac-
cines and vaccines created through the
use of reverse genetics may also prove
useful someday.

The classic way to create a seed
virus for production of an influenza
vaccine is to generate a virus that con-
tains six genes from a high-yield virus
such as HIN1 and two genes (HA and
NA) from circulating strains. This
method of creating a seed virus is

cumbersome and time-consuming. Re-
cently, however, scientists at St. Jude
discovered how to generate the high-
yield virus using eight plasmids (labo-
ratory-made molecules of double-
stranded DNA, which is made from
viral RNA). This eight-plasmid system
allows for the rapid generation of reas-
sortment influenza A viruses, which
can be used as master virus seeds for
the manufacture of vaccines.

Another goal is to find ways to pro-
duce vaccines more quickly. When a
pandemic occurs, pharmaceutical com-
panies must manufacture a vaccine as
quickly as possible, while they incor-
porate procedures to ensure that the
drugs are both safe and effective. The
time required to produce, test and dis-
tribute a new flu vaccine ranges be-
tween seven and eight months, so it’s
virtually impossible to produce an ad-
equate amount of vaccine during a
pandemic. In 1976, laboring in the
shadow of an expected “swine flu”
pandemic, American drug manufac-
turers produced 150 million doses of
vaccine—enough for the entire U.S.
population. Given today’s increased
population and stringent regulatory
processes, vaccine production might
take much longer. A number of groups
are seeking ways to drastically reduce
that production time.

Flu outbreaks generally pose the most
serious threat to people who are very
young, elderly, immunosuppressed or
chronically ill. In the United States, vac-
cination is suggested for people who are
at least 50 years old or deemed to be at
high risk for infection. Canada is a little
more progressive—in Ontario, vaccina-
tions are available at no charge for citi-
zens older than 6 months. People infect-
ed with the flu have a high risk of dying
from bacterial pneumonia. Pneumococ-
cal pneumonia kills thousands of elderly
people in the United States each year.
During an influenza pandemic, this
mortality rate skyrockets. Vaccines are
now available to protect people against
almost all of the bacteria that cause
pneumococcal pneumonia and other
pneumococcal diseases.

For years, antiviral drugs such as
amantadine and rimantadine occu-
pied the front line of influenza treat-
ment. These drugs obstruct the func-
tion of an ion-channel protein called
M2. When taken during exposure to
influenza, these M2 inhibitors may
help prevent infection, and if infection
has already taken hold, their early ad-
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genetic reassortment can produce a pandemic strain

Figure 4. Swine serve as “mixing vessels” for the genes of avian, porcine and human forms of
the influenza virus. In the host pig, the avian and mammalian viruses can share (reassort) their
genes and so create new strains of flu. Swine have probably played an important role in the

history of human influenza epidemics.

ministration may reduce the severity
and the duration of the symptoms.
But because type B influenzas do not
possess M2 molecules, the drugs are
effective only against type A influen-
za. More important, all strains of in-
fluenza quickly acquire resistance to

mainland China

HON2

H6N1

these drugs.

Two families of antiviral drugs have
been developed that are less prone to
resistance, have fewer adverse side ef-
fects than M2 drugs, and are effective
against types A and B influenza.
These antineuraminidase drugs hob-

ble the NA glycoprotein on the sur-
face of the influenza virus. When NA
is inhibited, the virus is unable to re-
lease itself from the host cell to spread
infection—it simply gets stuck and
dies. If administered soon after the
initial infection, NA inhibitors such as
zanamivir and oseltamivir can effec-
tively prevent viral replication.

Preparing for a Pandemic

When the HIN1 virus crossed the
globe in 1918-19, physicians watched
helplessly as their patients succumbed
quickly to pneumonia and other com-
plications of influenza. The suffering
patients had no access to antibiotics,
vaccines or antivirals. Today we live in
a world where air travel is common. A
tourist in Hong Kong can spread the
virus around the globe within hours.
Whether a pandemic comes about as a
result of natural forces or bioterrorism,
the world is currently unprepared for
the onslaught.

Unfortunately, another pandemic is
inevitable. Historically, pandemics
sweep the globe several times every
century. Thanks to the efforts of the
World Health Organization, scientists

Hong Kong poultry markets
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Figure 5. Hong Kong'’s deadly H5N1 (1997) virus is believed to be a product of three viral strains found respectively in quail, geese and teal from
mainland China. The birds are housed together in Hong Kong’s poultry markets, which provides an optimal environment for genetic reas-
sortment. Surveillance studies in the poultry markets have shown that quail are susceptible to all tested strains of influenza viruses, and that
they can serve as an intermediate host between ducks and chickens. Quail may have been very important in the genesis of the 1997 H5N1 in-
fluenza virus, which killed six people. To reduce the probability that other H5N1 flu viruses will emerge, quail are now banned from the live
chicken markets in Hong Kong. The H5N1 virus re-emerged in Hong Kong'’s poultry markets in 2001, necessitating the slaughter of all poultry
for the second time in four years. Poultry markets appear to play an important role in the emergence of reassortant influenza viruses.
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Figure 6. Variants of the NS1 protein may help the influenza virus escape the host’s immune system. Nonvirulent forms of the influenza virus
produce a “weak” NS1 protein, which doesn’t appear to protect the virus against immune-system molecules, such as cytokines, produced by the
host (top). However, the H5N1 (1997) avian virus that killed six people in Hong Kong appears to have been especially lethal because a point mu-
tation in the NS gene produced a “strong” version of the NS1 protein (bottom) that helped the virus elude the antiviral effects of cytokines.

are conducting surveillance studies of
the influenza virus at the animal-hu-
man interface. That surveillance proba-
bly prevented a worldwide catastrophe
in 1997. Virologists in thousands of lab-
oratories are trying to predict the
virus’s movements. By learning, for ex-
ample, how one mutation in the “bird

no activity

no report

sporadic

flu” helped that virus circumvent cy-
tokine responses, they are a step closer
to understanding influenza’s evolu-
tionary processes, and to developing
drugs to combat the virus’s effect. But
even the most sophisticated methods
and the latest discoveries offer no guar-
antee of predicting the next pandemic.

regional  widespread

—/ [ ]

Figure 7. Incidence of influenza cases is monitored in the United States on a weekly basis from Oc-
tober through May as part of a global surveillance of the virus. Among other things, the surveil-
lance tracks the type of flu circulating, whether there are changes in the virus and the impact the flu
has on the number of deaths. In early January, the Centers for Disease Control and Prevention
(CDCQ) in Atlanta reported that the incidence of flu-related deaths in the U.S. has increased in the
past three decades largely because the aging population is more vulnerable to the disease. Here the
influenza activity for the week ending on December 28, 2002 is shown for each state as reported by
epidemiologists to the CDC. (See www.cdc.gov/ncidod/diseases/flu/weekly.htm)
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Asia—particularly Hong Kong—has
been identified as the epicenter for in-
fluenza pandemics. After the 2001 out-
break of H5N1 in Hong Kong, a new
regulation was installed: All poultry
must be removed from the markets on
a specific day each month to minimize
the chance of viral replication. A better
solution to the problem would be to re-
place the live poultry markets with
markets selling frozen or refrigerated
meat. But the poultry markets are an
integral part of the Hong Kong econo-
my and its culture, so they aren’t likely
to be eliminated in the near future.
Similar live-poultry markets in New
York City should also be closed. Be-
cause of cultural mores, politics and
entrenched traditions, however, the
Hong Kong and New York markets
will likely remain open until another
pandemic erupts, forcing the issue.

When a virus does manage to evade
the scientific community’s gatekeep-
ers, it may travel the world in a matter
of hours. Fewer than a dozen compa-
nies worldwide currently manufacture
flu vaccine (in the U.S. there are only
two companies making vaccine), and
even though the influenza outbreaks
of the past two years have been rela-
tively mild, these companies have had
difficulty meeting the demands for
vaccine. Subunit vaccines take months
to create, so vaccine manufacturers
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will be incapable of producing enough
vaccines to subvert the progress of a
pandemic. M2 inhibitors such as
amantadine and rimantadine may be
useful if the virus does not acquire re-
sistance to their effects. The NA in-
hibitors offer the most promise for
treatment options in the event of a
pandemic, but they are expensive and
in short supply. For NA inhibitors to
be effective, they must be adminis-
tered soon after the initial infection.
Drug companies require a year and a
half to produce adequate quantities of
antivirals. Unless production and
stockpiling of drugs begins well in ad-
vance of a pandemic, adequate sup-
plies of antivirals will not be available.

WHO and the developed nations of
the world have created pandemic
plans that specify ways to prepare for a
world crisis. In the United States, the
plan includes measures for improving
surveillance systems and increasing
the breadth of the country’s vaccina-
tion programs. The plan also supports
research into detection of new strains
and the creation of new vaccines and
antivirals. The national pandemic plan
addresses such topics as communica-
tion systems, as well as medical readi-
ness and how community services will
be maintained. One way to prepare for
the inevitable pandemic is to vaccinate
as many people as possible during the
interpandemic years. No-cost, univer-
sal vaccine programs such as the one in
Ontario offer perhaps the best way to
increase the capacity to make a vaccine
in a crisis. The nations of the world
must develop these plans.

If a pandemic happened today, hos-
pital facilities would be overwhelmed
and understaffed because many med-
ical personnel would be afflicted with
the disease. Vaccine production would
be slow because many drug-company
employees would also be victims. Crit-
ical community services would be im-
mobilized. Reserves of existing vac-
cines, M2 inhibitors and NA inhibitors
would be quickly depleted, leaving
most people vulnerable to infection.
The nations of the world spend untold
billions on military equipment, stock-
piling bombs and other weapons. But
governments have not invested a frac-
tion of that amount into stockpiling
drugs for defense against influenza.
The scientific community has a re-
sponsibility to convince nations to
stockpile NA inhibitors and promote
vaccine production. The cost to devel-

oped nations would be minuscule,
compared with the social and econom-
ic disaster that will occur during a full-
scale pandemic.
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Links to Internet resources for further
exploration of “Influenza” are available
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