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Abstract
There are three requirements for an influenza virus to cause a pandemic. It must be antigenically
novel, cause severe disease, and transmit easily from human to human. Highly pathogenic avian
influenza viruses of the H5N1 subtype currently circulating in bird populations in Asia, Africa, and
Europe have met 2 of these criteria, and there is significant concern that these viruses will be the
cause of the next pandemic. International efforts to prepare for a possible pandemic are underway.
Priorities for pandemic planning include surveillance of influenza viruses in wild bird populations
and at the avian-human interface, research into factors affecting the pathogenicity of these strains,
stockpiling effective antivirals for use as a stopgap until an appropriate vaccine can be developed
and distributed, and gaining an improved understanding of the utility of nonpharmaceutical
interventions to slow or prevent the spread of these viruses within humans. While considerable
progress has been made in recent years towards readying the world for such an event, there is more
work to be done. Physicians and hospitals can begin by educating themselves on the problem and
developing a pandemic plan for their own practice or organization.
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It has now been more than a decade since highly pathogenic avian influenza (HPAI) viruses
of the H5N1 subtype were first found to infect humans.3 Although time has passed, the fear
that these strains will cause the next pandemic has increased rather than subsided. Estimates
of the impact of the next pandemic vary widely depending on assumptions underlying the
severity of disease in infected individuals. Morbidity and mortality may not be much higher
than in a severe inter-pandemic year, with 314,000 hospitalizations and 89,000 deaths predicted
in the United States21, or may be staggeringly high in a severe pandemic should a strain similar
in capability to the 1918 virus emerge. In the latter scenario as many as 9,900,000
hospitalizations and 1,903,000 deaths8 could occur in the United States, with between 51 and
81 million deaths worldwide, 96% of which would occur in the developing world.22
Unsurprisingly given these estimates, the economic costs are predicted to be enormous, ranging
between $71.3 billion and $166.5 billion in the United States alone.20,21 Advances over the
past several decades in our understanding of the evolution and ecology of influenza viruses
affords us an unprecedented opportunity at present: the ability to plan and prepare for an
infectious disaster that has recurred several times a century throughout history.1,28
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What is a pandemic?
Dr. Edwin D. Kilbourne asked this question 30 years ago following the swine influenza
outbreak at Fort Dix, New Jersey.14 His answer framed the general criteria we use to
distinguish pandemic strains from epidemic strains. A pandemic strain must 1) be antigenically
novel, 2) cause severe illness, and 3) spread easily through the susceptible population. The
H5N1 strains currently infecting humans in Asia and Europe meet 2 of these 3 criteria, lacking
only ease of transmission to qualify (Table 1). Each new human infection is an opportunity for
the extremely mutable influenza virus to either further adapt to the human host, or reassort with
a well-adapted circulating human stain and gain this capability.

Influenza A viruses are subtyped by differences in the major surface glycoproteins
hemagglutinin (HA or H) and neuraminidase (NA or N). In response to infection with or
vaccination against influenza virus, our immune system produces antibodies directed against
the HA which bind to the protein and interfere with the virus lifecycle. However, 16 distinct
subtypes of HA exist in a wild bird reservoir, primarily in shorebirds and ducks.6,29 These
subtypes are sufficiently distinct that infection with a virus expressing a different HA does not
result in antibody-mediated immune recognition and control, allowing full expression of
disease in infected individuals and eliminating herd immunity. Thus, spread in humans of an
influenza virus with a novel HA allows a high clinical attack rate and the full spectrum of
potential disease manifestations.

Although theoretically any of the 14 HA subtypes not currently circulating in humans could
generate the next pandemic, 4 subtypes are of particular concern at present. Influenza viruses
bearing an H2 HA ceased circulating in humans in 1968, replaced by the H3N2 “Hong Kong”
pandemic strain.14 Reemergence of this strain would likely trigger a pandemic, as it has already
shown this capability in the past, and anyone born after 1968 will be immunologically naïve
to the virus. The recent incursions of wholly avian viruses into humans in the last decade
provide our other 3 candidates. Most worrisome because of their widespread distribution,
capacity to cause severe disease, and evolving host range are HPAI viruses of the H5N1
subtype.3,9,13 These strains meet the second requirement, severe disease, as 192 of the 319
laboratory confirmed human cases reported prior to August 2007 were fatal.31 However, a
recent outbreak caused by an H7N7 strain in the Netherlands7 illustrates the point that we
cannot focus on a single subtype to the exclusion of others. This strain infected at least 89
persons, one fatally. The third strain of concern, H9N2, has crossed over into humans multiple
times in the last decade.2,23 Although human disease has been mild with H9N2 in the limited
number of cases seen thus far, the virus is widely distributed geographically in domestic poultry
and thus has many opportunities to bridge the gap into man.27

There is only limited evidence so far to support the idea that H5N1 strains are evolving towards
a human-adapted strain that can transmit efficiently. Recent H5N1 strains have acquired several
mutations thought to be important for generation of a pandemic strain.5,32 However, they has
not yet achieved the breakthrough that will allow them to efficiently transmit and meet all 3
criteria for a pandemic strain. Although human-to-human transmission by close personal
contact has been described15, sustained chains of transmission or clear evidence of airborne
spread have not yet been seen. The virus appears better adapted to the lower respiratory tract
of humans than the upper, which may be a factor in its difficulty transmitting thus far.25,26
This is probably not the sole reason for poor transmission at present, however, since high viral
loads can be detected in the upper respiratory tract of infected patients.4

Priorities for pandemic planning
There are a number of steps that must be taken in order for the world to be prepared for the
inevitable next influenza pandemic (Table 2). At the most basic level, knowledge of the
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magnitude and nature of the threat must be understood and monitored with thorough and
structured research and surveillance. This starts with programs aimed at understanding the
patterns of circulation of influenza viruses in their natural hosts, aquatic waterfowl, and
incidental hosts at the human-avian interface such as domestic poultry.16,30 Further research
into basic questions is needed, such as, “Why are these viruses so lethal? What factors are
needed for transmission to humans from birds, or between humans? Can H5N1 strains reassort
with currently circulating human strains? Once the pandemic starts, who will be most affected?
Will mortality stem from our immune response to the virus, from co-morbid conditions, or
from secondary bacterial infections?” We know very little at present about most of these
critically important questions.

Much of the public and governmental focus in pandemic preparedness thus far has been on
stockpiling antivirals. This is appropriate as a stopgap measure to control the pace of viral
spread17 or protect key individuals, but is insufficient as a total solution because of cost,
distribution, and effectiveness concerns. Unfortunately, the least expensive and most widely
available agents, the adamantanes, are not effective against most H5N1 strains.11,19 The most
popular choice for stockpiling, the neuraminidase inhibitor oseltamivir, has not been highly
effective thus far in laboratory confirmed cases of H5N1 infection24, and resistance has been
shown to develop in select treated cases.15 Thus, strategies based on prophylaxis of contacts
at the start of a pandemic to slow or limit the spread of the pandemic, buying time for
development of a vaccine, may be the best option available.18

A number of pandemic vaccine candidates are in pre-clinical or clinical development at present,
although significant hurdles still exist.12 Perhaps the most difficult obstacle is that we will not
know what strain or even subtype to make a vaccine against until the pandemic starts. Because
of the long production timeline for influenza vaccines (6–10 months), it is unlikely that an
effective, well-matched vaccine can be prepared before the first wave of the pandemic virus
has circumnavigated the world. Thus, most of the emphasis for planning has to be on mitigation
strategies such as antivirals as discussed above, or other measures broadly dubbed “non-
pharmaceutical interventions.” This includes strategies to prevent or decrease the likelihood
of both transmission and acquisition by maintaining personal spacing and decreasing contact
between individuals, practicing good hand hygiene, using masks when close contact cannot be
avoided, and intervening at the community level by closing schools and discouraging
gatherings (Table 2).

Perspective for business
Every business, especially those in the healthcare field, should have a pandemic plan. A list of
useful websites is provided in Table 3. Top priority in the planning process is education of
employees about the risks of a pandemic and the measures that will be put into place when it
occurs. The most effective and most easily implemented strategy is encouraging good hand
hygiene by providing soap and water, or alcohol based hand gels when running water is not
available. Next is personal spacing – maintaining inter-personal distances in the workplace of
3–6 feet as this is thought to be the most likely zone within which airborne transmission can
occur.10 Absenteeism, both planned (work at home programs) and unplanned (personal or
family illness) must be accounted for in any pandemic plan, emphasizing the importance of
information technology resources and personnel in the “wired” age where work is often not
confined to a static workplace. In general, stockpiling of antivirals is not recommended at the
level of individual businesses, although pharmacies in healthcare facilities that routinely
provide oseltamivir may wish to procure a 10 year supply based on normal usage patterns and
rotate this stock by back-filling each year after the influenza season. The Centers for Disease
Control has issued interim recommendations on use of masks (Table 3), suggesting that surgical
masks are appropriate for situations where close contact or crowds cannot be avoided, and
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reserving N95 respirators for select healthcare applications where aerosolization of virus might
be anticipated.

Conclusions
Our national and international response to the threat of pandemic influenza has been slow to
develop, but now appears to be on pace. It is likely that we can be as prepared as is possible
within a 5–10 year time frame. Until then, education, planning at the local level, and use of
non-pharmaceutical interventions are priorities. Antivirals may be useful in limited scenarios
such as initial containment and as prophylaxis of key persons, but are unlikely to represent a
panacea. It is unlikely that a sufficient supply of a well-matched, effective vaccine will be
available for the first wave of the pandemic if it occurs any time in the next decade. Beyond
that, new technologies and promising preclinical candidates may become available, adding to
our armamentarium.
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Table 1
Requirements for Pandemic Influenz

A pandemic strain must be… H5N1 strains…

… antigenically novel … have an H5 HA to which humans

have no pre-existing immunity

… virulent enough to cause severe …have killed ~60% of all humans

disease and some mortality proven to be infected

…able to transmit easily from …have shown only limited

human to human transmission by close contact
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Table 2
Priorities for Pandemic Planning

Surveillance Wild birds, human-avian interface, human to human transmission

Research Virulence determinants, capacity to reassort with human strains, requirements for transmission,
interactions with the immune system

Stockpiling antivirals Capacity for early intervention before vaccine available

Pandemic vaccines Pre- and post-pandemic vaccine strategies

Non-pharmaceutical interventions Utility of hand hygiene, masks, social distancing strategies, and community based interventions
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Table 3
Useful website

World Health Organization avian influenza fact sheet:

http://www.who.int/mediacentre/factsheets/avian_influenza/en/index.html

Avian influenza information for travelers:

http://wwwn.cdc.gov/travel/contentAvianFluInformation.aspx

Preparing workplaces for a pandemic:

http://www.osha.gov/Publications/influenza_pandemic.html

Pandemic planning checklist for hospitals:

http://www.pandemicflu.gov/plan/healthcare/hospitalchecklist.html

United States pandemic plan:

http://www.hhs.gov/pandemicflu/implementationplan/

Guidance on mask use:

http://pandemicflu.gov/plan/community/commaskguidance.pdf
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