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■ ABSTRACT

While we are facing the threat of an emerging pandemic
from the current avian flu outbreak in Asia, we have
learned important traits of the virus responsible for the
1918 Spanish influenza pandemic that made it so deadly.
By using stockpiled antiviral drugs effectively and
developing an effective vaccine, we can be in a better
position than ever to mitigate the global impact of an
avian influenza pandemic.

■ KEY POINTS

The viruses responsible for the influenza pandemics of
1957 and 1968 were the product of genetic reassortment
in hosts infected with both an avian and a human
influenza virus. In contrast, the 1918 virus, which was
more deadly, was a mutated form of a purely avian virus.

As seen in all three pandemics, a change in influenza viral
antigenicity poses a significant pandemic threat to
populations with no immunity to the new strain.

As of November 14, 2005, 125 cases of avian H5N1
influenza in humans have been reported, and 64 people
have died. Although some cases of human-to-human
transmission between close contacts may have occurred,
as yet there has been no evidence that the virus can be
transmitted efficiently by aerosol.

The neuraminidase inhibitors oseltamivir and zanamivir
currently are the only drugs that could be used in the
event of a pandemic outbreak of H5N1 in humans.
But current supplies are inadequate. A vaccine is being
developed.

VIAN INFLUENZA is raising grave concern
about a potential pandemic, as we are

currently seeing an unprecedented outbreak
in birds of a highly pathogenic strain of
influenza type A H5N1 and lethal human
infections from bird-to-human and probably
human-to-human transmission in Asia. It also
has become a major public health care chal-
lenge in today’s highly mobile world.

This article briefly reviews the lessons
learned from past pandemics, the threat of a
current avian flu outbreak, and recommenda-
tions for prevention.

■ LESSONS LEARNED
FROM 20TH CENTURY PANDEMICS

There were three influenza pandemics in the
20th century, in 1918, 1957, and 1968. Each
was caused by a novel type-A virus of avian
origin: the 1918 (Spanish) influenza pandem-
ic by an H1N1 avian virus, the 1957 (Asian)
pandemic by an H2N2 virus, and the 1968
(Hong Kong) pandemic by an H3N2 virus.1

The 1957 virus was the product of gene
reassortment: somewhere, a host was co-
infected with both a human and an avian
influenza virus, and the two were able to swap
genes to form a hybrid virus that could be
transmitted from person to person (FIGURE 1).2
Thus, the resulting virus contained some
genes from the avian virus—hemagglutinin
type 2, neuraminidase type 2 (hence the des-
ignation (H2N2), and an RNA polymerase
gene segment, polymerase basic 1 (PB1)—and
the rest from the human virus.3,4 The 1957
pandemic killed about 70,000 people in the
United States.

Similarly, the 1968 virus was also the
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product of gene reassortment, containing
avian hemagglutinin type 3 and PB1 segments
in the background of human influenza viral
genes. The 1968 pandemic killed approxi-
mately 34,000 people in the United States.

Why was the 1918 pandemic different?
The 1918 pandemic was different. The worst
pandemic by far, it killed at least 40 million
people worldwide and 675,000 people in the
United States. Most strikingly, it killed 50% of
healthy adults age 15 to 34 years who con-
tracted it. The overall case mortality rate aver-
aged 2.5% in the United States.5 As a result,
the average life expectancy in the United
States was lowered by more than 10 years.6

Why was this virus different? Its biological
properties remained unclear until recently,
owing to the lack of viral isolates available for
study. However, recent work has found that it
was not the result of gene reassortment of
avian and human influenza viral genes, but
rather the result of avian viral gene mutation.7

In October 2005, scientists from the US
Centers for Disease Control and Prevention
(CDC), the Armed Forces Institute of
Pathology, the US Department of Agriculture,
and Mount Sinai School of Medicine resur-
rected the 1918 virus by reverse genetics,
using viral gene sequences recovered from pre-
served tissue from 1918 flu victims.8 This ele-
gant study revealed important properties asso-
ciated with this virus’s extraordinary viru-
lence.

Unlike the contemporary strain of human
influenza virus, the 1918 virus could replicate
even in the absence of proteolytic cleavage of
its surface glycoprotein hemagglutinin by most
proteases. Most strains of influenza replicate
best in tissues in which proteases are abun-
dant, such as the lungs. But in the 1918 virus,
another viral surface glycoprotein, neu-
raminidase, appears to have facilitated hemag-
glutinin proteolytic cleavage. This suggests
that the 1918 virus could grow in any cell
type, not just in protease-rich lung cells.

In addition, the 1918 virus also could
replicate rapidly in human bronchial epithe-
lial cells. The hemagglutinin and polymerase
genes are essential for maximal viral replica-
tion in human bronchial epithelial cells.
These properties are clearly associated with

the exceptional virulence of the 1918 virus.
Furthermore, the 1918 virus also kills chicken
embryos, a pathogenic feature of avian H1N1
virus.

Molecular characterization demonstrated
that the polymerase genes in the 1918 virus
differed from avian polymerase consensus
sequences at only a small number of amino
acids. This evidence strongly suggests that the
1918 virus was an entirely avian-like virus
that adapted to humans.9

Apparently, as seen in all three pan-
demics, a change in influenza viral antigenici-
ty resulting from either viral gene reassort-
ment between human and avian viruses or
pure avian viral gene mutation poses a signifi-
cant pandemic threat to populations with no
immunity to the new strain.

■ THE CURRENT THREAT

Since 2003, a highly pathogenic avian virus
(influenza A H5N1) has broken out among
poultry, sweeping across at least eight coun-
tries in Asia (Cambodia, China, Indonesia,
Japan, Laos, South Korea, Thailand, and
Vietnam)10 and killing more than 100 million
birds. The geographic distribution of H5N1
virus infection continues to expand: outbreaks
have been recently reported in Croatia,
Kazakhstan, Mongolia, Romania, Russia, and
Turkey.11,12

Not only has this virus disseminated itself
to an unprecedented degree among birds, but it
also has crossed the species barrier to infect
humans.13 Direct bird-to-human transmission
was first reported in 1997. During the 1997
outbreak of H5N1 among poultry in Hong
Kong, 6 of 18 people with confirmed infection
died.14 And bird-to-human transmission has
continued. As of November 14, 2005, there
have been 125 human cases: 92 in Vietnam, 20
in Thailand, 4 in Cambodia, and 9 in
Indonesia, resulting in 64 deaths.15 Most
patients with H5N1 virus infection have had a
history of direct contact with diseased poultry.

This direct transmission of the H5N1
virus from birds to humans is certainly worri-
some. However, the worst fear is that sus-
tained human-to-human transmission will
occur as the virus continues to evolve. Indeed,
probable human-to-human transmission

As of mid-
November,
2005, the toll
of avian flu is
125 human
cases,
64 deaths
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■ Anatomy of an influenza A virion

FIGURE 1

CCF
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Hemagglutinin facilitates infection by
binding to the host’s cell-surface receptors,
enabling fusion of the viral envelope with
the host cell membrane.

Neuraminidase facilitates virion
release from the host cell.

M2 (ion channel)
Ribonucleoprotein (RNP) complex
consists of viral RNA associated with
nucleoprotein (NP), nonstructural protein 1
(NS1), and three polymerase proteins (PA,
PB1, and PB2).

Each strain of influenza takes its name from the hemagglutinin (H) and neuraminidase (N) subtypes. There are 16 subtypes
of hemagglutinin and 9 subtypes of neuraminidase for influenza A. Thus, strains are identified by those subtypes, such as H5N1.

Mutation

Reassortment

Avian flu virus

Avian flu virus

Human flu virus

New flu virus strain

New flu virus strain

How avian influenza could become a human pandemic strain

In reassortment, human flu virus and avian flu virus infect the same host simultaneously. The genes from the
two strains swap, giving rise to a hybrid strain made from some of the genetic material from the two original
strains. The new hybrid virus strain possesses altered surface antigens that the human immune
system may not recognize.

As the avian flu virus evolves, it may change its viral genes and antigenicity. The acquisition of new surface
antigens may allow the new virus strain to circumvent the human immune response.
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(although not sustained) has already been sug-
gested in several household clusters in
Vietnam and, recently, in close child-to-
mother contact in Thailand.13,16 Of 10
patients reported in Vietnam, 8 died. Both the
index patient (a child) and her mother in
Thailand died. This mode of transmission
with a high death rate is of great concern for a
potential global pandemic.

How is the H5N1 virus different?
Molecular characterization of the H5N1 avian
influenza virus isolated from patients in the
1997 outbreak revealed the following impor-
tant virulence factors:
• Multiple basic amino acids at the prote-

olytic cleavage site of hemagglutinin,
enhancing this molecule’s cleavability and
making the virus more pathogenic17,18

• A specific amino acid substitution (Glu to
Lys) at position 627 of the polymerase
basic protein 2 (PB2), which enhances
the efficacy of viral replication19,20

• An amino acid substitution (Asp to Glu)
at position 92 of nonstructural protein 1
(NS1), which enhances viral resistance to
the antiviral effects of interferon and
tumor necrosis factor alpha.21,22

NS1 also increases transcription of
cytokines, leading to an elaborate host inflam-
matory response and multiorgan failure.23

Furthermore, H5N1 viral replication is pro-
longed in patients: viral loads in pharyngeal
swabs 4 to 8 days after the onset of illness were
at least 10 times higher than those in people
infected with contemporary human influenza
virus H1N1 or H3N2 strains.24,25

Recently, there has been evidence of
higher plasma levels of inflammatory media-
tors (interleukin-6, interleukin-8, interleukin-
1, and monocyte chemoattractant protein-1)
in patients who died from avian influenza
H5N1 infection.24,25 Such an up-regulation of
human inflammatory cytokines in H5N1 viral
infection may have contributed to the sepsis
syndrome, acute respiratory distress syndrome,
and multiorgan failure seen clinically with the
H5N1 avian influenza virus.

Potential for pandemic is real
Influenza pandemics happen when new viral
strains emerge that can be readily transmitted

from human to human in a population with
no immunity to the new strain of virus.

The H5N1 virus has already shown that it
can replicate efficiently in human cells.
Sustained human-to-human transmission has
not been documented, although a probable
transmission between a child and mother has
been suggested. There is no evidence to date
to suggest that H5N1 can be transmitted effi-
ciently from human to human by small-parti-
cle aerosols.26

Nevertheless, the threat of a flu pandemic
is real. Either avian viral gene mutation or
gene reassortment between avian and human
influenza virus, as a result of the current con-
tinuing outbreak or viral evolution, clearly
can lead to efficient human-to-human trans-
mission by small-particle aerosols in an
immunologically naive human population.

The danger of a potential avian influenza
pandemic is further heightened because no
vaccine against H5N1 is commercially avail-
able yet, and H5N1 has been documented to
be resistant to several antiviral drugs (amanta-
dine, rimantadine).25 And, like the 1918
virus, H5N1 is associated with an unusually
high death rate in humans. In fact, the human
case death rate with the current H5N1 virus is
20 times higher than that of the 1918 virus
(50% vs 2.5%).

■ RECOMMENDATIONS FOR PREVENTION

Facing the emerging avian influenza pandem-
ic threat, the CDC and the World Health
Organization have issued guidelines and rec-
ommendations for surveillance and preven-
tion of avian influenza A H5N1 infection in
humans27,28 (recently summarized by Beigel et
al25).

To reduce opportunities for human infection
To reduce opportunities for human infection,
travelers should:
• Be immunized with human influenza vac-

cine at least 2 weeks before traveling to
areas with avian influenza activity

• Avoid all direct contact with poultry and
touching surfaces contaminated with
poultry feces or secretions

• Avoid eating undercooked eggs or poultry
• Wash their hands carefully and frequently

Our worst
fear is that
H5N1 will
be transmitted
efficiently
from human
to human
as it evolves
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• Seek medical attention if they become ill
with respiratory symptoms within 10 days
of returning from an affected area.25

To contain the spread of infection
To contain the spread of infection in hospital-
ized patients:
• Patients with avian influenza should be

isolated in a negative-pressure room
• Health care workers should wear N-95

masks (non-oilproof respirators with at
least 95% efficiency in filtering particles
more than 3 µm in diameter), gloves,
long-sleeved cuffed gowns, and eye protec-
tion when within 3 feet of patients

• Prophylaxis with oseltamivir is recom-
mended for health care workers with fever
(temperature > 38˚C [100.4˚F]) who had
possible exposure to infectious aerosol
secretions or were involved in an aerosol-
generating procedure.25

To prevent a pandemic
The most effective strategies for preventing a
pandemic are probably to try to contain the
outbreak with antiviral drugs and to develop a
vaccine against H5N1.

Containment with antiviral drugs
The antiviral agents amantadine and rimanta-
dine inhibit influenza virus uncoating inside
the host cells by interfering with the M2 ion-
channel protein.29 Due to mutations in the
M2 gene, the H5N1 virus is resistant to aman-
tadine and rimantadine.12 Therefore, these
agents have no therapeutic role.

The neuraminidase inhibitors oseltamivir
and zanamivir interfere with the release of the
influenza virion from infected host cells and
prevent the spread of infection, and avian
H5N1 viruses remain sensitive to oseltamivir.30

Thus, neuraminidase inhibitors are currently

the only drugs available for chemotherapy and
prophylaxis against human H5N1 virus infec-
tion. Current supplies of neuraminidase
inhibitors are inadequate for pandemic control,
however.31

To contain an outbreak, we would need a
stockpile of the drugs, controlled by govern-
ment and health officials for rapid distribution
to the site of the initial outbreak. Hoarding of
the drugs should be strongly discouraged, as it
could seriously undermine any coordinated
pandemic control effort. Furthermore, misuse of
the drugs can contribute to the emergence of
resistant viral strains. A recent report of the iso-
lation of oseltamivir-resistant H5N1 virus from
a patient treated in Vietnam highlights the
importance of monitoring drug resistance.32

Work continues on a vaccine
Currently, there are no commercially avail-
able vaccines for human H5N1 infection.
However, on August 6, 2005, government sci-
entists at the National Institute of Allergy and
Infectious Disease announced results from an
initial clinical trial of an H5N1 avian influen-
za vaccine being developed. Preliminary data
indicate that the experimental vaccine
evoked an immune response in a small group
of healthy adults.33

Despite the promising data from the
experimental vaccine clinical trial, serious
concerns remain. Since the avian influenza
strain responsible for the next pandemic may
have different antigens resulting from muta-
tion, the current experimental H5N1 vaccine
may not be completely effective. Furthermore,
production of enough effective vaccines for
the entire US population in a short period of
time by conventional methods poses a signifi-
cant challenge. Efforts to stockpile oseltamivir
and expedite the vaccine production are cur-
rently under way.
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