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Beginning with a cluster of human cases in Hong Kong in 1997, avian influenza

(H5N1) has spread progressively through, and beyond, Asia in poultry and other

birds; and has resulted in sporadic cases of human disease associated with high

mortality. The potential for H5N1 influenza to cause a pandemic of human disease

continues to be the subject of intense scrutiny by both the media and the scientific

community. While the likelihood of such a prospect is uncertain, the inevitability

of future pandemics of influenza is clear. Planning for the eventuality of a virulent

influenza pandemic at the local, national and global level is critical to limiting the

mortality and morbidity of such an occurrence. Hospitalists have a key role to play

in institutional efforts to prepare for a influenza pandemic, and should be aware of

lessons that my be applied from both the response to Hurricane Katrina, as well as

the severe acute respiratory syndrome (SARS) epidemic. Journal of Hospital Med-

icine 2006;1:118 –123. © 2006 Society of Hospital Medicine.
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Background

Influenza viruses are among the most common respiratory viral
infections in humans. There are two major types of human

influenza viruses, A and B, with influenza A strains responsible for
seasonal or pandemic influenza. Influenza illness is characterized
by fever, lower respiratory and often upper respiratory symptoms,
myalgia, and malaise and occurs seasonally in temperate climates
between late fall and early spring. The average “flu season” in the
United States is marked by 30,000-40,000 deaths, primarily in
elderly patients with significant comorbidity and in the very
young. Many of these deaths are caused by secondary bacterial
pneumonias. Long “interpandemic” periods, including the cur-
rent one of almost 40 years, involve minor mutations of the
predominant influenza strain from year to year. Typically, ade-
quate time exists to predict the prevailing strain with reasonable
accuracy and to tailor a vaccine accordingly. Periodically an in-
fluenza pandemic involving a novel influenza strain emerges,
attended by greater-than-expected morbidity and mortality.

All influenza viruses are subtyped on the basis of two surface
glycoproteins. One of these, hemagglutinin (H), is responsible for
viral cell entry; whereas the other, neuraminidase (N), facilitates
release of the virus from infected cells, thus allowing perpetuation
and amplification of infection. Antigenic drift is the ongoing pro-
cess of genetic mutations that lead to new strains demonstrating
variable change in antigenicity and is the basis for the annual
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updating of vaccine strains. Antigenic shift is the
emergence of a novel influenza A subtype among
humans, usually as the result of a recombination
event. This radical change is necessary but not suf-
ficient to initiate pandemic influenza, with efficient
transmission from person to person also a critical
feature. Pandemic influenza strains arise in 1 of 2
fashions. Genetic reassortment may occur when a
mammalian host (human or porcine) is infected
with both an avian and a human influenza virus,
with subsequent dramatic movement into human
populations, the source of the 1957 and 1968 pan-
demics. Alternatively, a novel virus may, after suf-
ficient mutation, move directly from the avian pop-
ulation to humans, as appears to have occurred in
1918.
The 1918-19 Pandemic
Abruptly in 1918, an influenza pandemic of seem-
ingly unprecedented severity swept the world. Al-
though disagreement remains regarding the source
of the outbreak (China, the front lines of World War
I, and even the United States have all been sug-
gested), within 6-9 months essentially the entire
globe had been affected. Unlike more typical influ-
enza seasons, the virus preferentially infected pre-
viously healthy young individuals, with those aged
15-40 bearing the brunt of the illness. US military
training installations, overcrowded with troops
staging for service on the European front, played a
particularly ill-fated role in the pandemic as it
swept through the United States.

Estimates of the pandemic’s worldwide impact
on mortality are sketchy at best, but many author-
ities believe that at least 50 million deaths resulted,
with some suggesting a figure as high as 100 mil-
lion. In the United States the virus was responsible
for an estimated 700,000 deaths, with an untold
burden of morbidity. Economic and social disrup-
tion was the norm in many areas, with widespread
closure of businesses and schools and suspension
of public gatherings of any kind. Many communi-
ties were simply overwhelmed by the sheer num-
bers of dying individuals. In Philadelphia, steam
shovels were used to dig mass graves for influenza
victims.1 The pandemic’s effect on the health care
system was likewise profound. Most hospitals
counted their own physicians and nurses among
those who died during the pandemic, and many of
the health care workers who succumbed were in-
fected in the course of caring for influenza patients.
Overall, an estimated 2%-3% of those infected with

the virus died, a far higher percentage than is seen
during interpandemic seasons. Strikingly, the vast
majority of deaths do not appear to have resulted
from secondary bacterial pneumonias, but rather to
have been directly virally mediated through ARDS,
a necrotizing viral pneumonia, or both.

The mystery of the 1918 pandemic has recently
been partially unlocked, with the successful se-
quencing of the entire RNA genome of strains re-
covered from pathology tissue of two soldiers, as
well as from lung tissue of a victim frozen in Alas-
kan permafrost since 1918.2,3 The data suggest that
the 1918 virus was derived from an avian source.
Notably, some of the same changes in the polymer-
ase proteins have been found in the highly patho-
genic H5N1 viruses.

Avian Influenza Viruses
Influenza viruses that primarily infect birds are
characterized as avian influenza viruses. These are
always type A and are classified as either of low or
high pathogenicity on the basis of the severity of the
illness they cause in birds. The currently circulating
H5N1 avian viruses are highly pathogenic.

Avian influenza viruses do not usually infect
humans; however, several instances of human in-
fections have been reported since 1997. The 1997
Hong Kong outbreak of avian (H5N1) influenza in
18 humans resulted in 6 deaths and was a seminal
event that provided evidence that avian influenza
viruses can infect people. It also provided the epi-
demiologic link between avian influenza infection
in poultry with disease in humans and was pro-
claimed as a pandemic warning. These sentinel hu-
man infections led to the culling of the entire Hong
Kong poultry population, with no subsequent hu-
man infection reported at that time. In 2003, more
than 80 cases of avian influenza A (H7N7) illness
occurred in the Netherlands among persons who
handled infected poultry. Sustained human-to-hu-
man transmission did not occur in this or other
outbreaks of avian influenza to date.

Since 2003, sporadic human cases of H5N1
have occurred, most recently reported from Turkey
and Iraq. Human cases have also occurred in Viet-
nam, China, Cambodia, Thailand, and Indonesia,
with a total of 173 reported cases and a case fatality
rate exceeding 50% as of this writing.4 This mortal-
ity rate may be artificially inflated, as less severe
cases have certainly gone unreported. All countries
reporting human avian influenza diseases since
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2003 have had concurrent epizoonotics in birds
(both poultry and migratory birds).

Human cases of H5N1 influenza illness have
been characterized by high fever and symptoms in
the lower respiratory tract, as would be expected.
Less predictable has been the presence of watery
diarrhea in many patients and of abdominal and
pleuritic pain and bleeding from the nose and gums
in some. Sputum production has been variably
present, and hemoptysis has been seen in some
individuals. Most patients have had clinical and
radiological evidence of pneumonia at the time
they sought medical care, and progression to ARDS
and multiorgan failure has been common. The ma-
jority of patients to date have required the initiation
of mechanical ventilation early in their hospital
course. Laboratory studies have typically shown
lymphopenia, thrombocytopenia, and, in many
cases, modestly elevated transaminase levels.5 No-
tably, the currently predominant strain of H5N1 (Z
strain) is resistant to the M2 ion channel inhibitors
amantadine and rimantadine but is susceptible to
the newer class of neuraminidase inhibitors, zana-
mivir (Relenza) and oseltamivir (Tamiflu). Neur-
aminidase inhibitors and corticosteroids have been
used to treat patients, although their efficacy in this
setting is unclear. To date, virtually all cases appear
to have been transmitted directly from poultry, al-
though person-to-person transmission appears
likely to have occurred in at least one family in
Thailand.6 A recent study of the 14 clusters of avian
influenza among humans emphasized the lack of
sustained person-to-person transmission of H5N1
to date.7

Three factors are necessary for the emergence
of a pandemic influenza strain: the ability to infect
humans, a novel genetic makeup, and the ability for
sustained transmission between people. A virus
that in addition proves highly virulent, as did the
1918-19 H1N1 strain, essentially creates the “per-
fect storm.” H5N1 influenza has currently fulfilled 2
of these 3 criteria. The virus is highly pathogenic,
although how much of this “fitness” would be sac-
rificed with mutation to a more transmissible strain
is uncertain. As many have observed, whether there
will be another influenza pandemic does not seem
in doubt; rather, it is when such a pandemic will
occur and whether the pandemic will be caused by
H5N1 or another influenza virus, that are the ques-
tions.

Potential Effects of the Next Pandemic
The global and national effects of an influenza pan-
demic will vary in direct proportion to the virulence
of the circulating viral strain, but if such a virus is
highly virulent, significant and perhaps severe eco-
nomic and social disruption are likely.

The global economic impact has been esti-
mated to be $800 billion with anticipated quaran-
tines and interruption in global trade. On a national
level, it has been estimated that in the United States
a pandemic virus whose severity is comparable to
that of the 1968 “Hong Kong” influenza pandemic
would lead to approximately 200,000 deaths and
700,000 hospitalizations, of which roughly 100,000
would require treatment in intensive care unit set-
tings. A more virulent strain, similar to that of the
1918-19 pandemic, might easily result in 1 million
deaths; with the number of patients hospitalized
approaching 10 million, well over 1 million of which
would require ICU-level care. As an estimated 75%
of the 105,000 ventilators in this country are in use
at any given time under normal circumstances, the
potential for demand to greatly outstrip supply is
evident.8 Depending on the severity of a pandemic,
suspension or curtailment of international trade
and travel could be reasonably likely. Although the
World Health Organization has recommended
against closing borders or quarantining countries
even in the throes of a pandemic, the prospect of
this occurring does not seem implausible. In a
worst-case scenario, even the type of national and
international chaos envisioned in the “Dark Win-
ter” smallpox planning exercise might occur.9

“Fortress America” versus Containment Strategies
Although the pandemic influenza plan calls for
stockpiling antiviral drugs and increasing vaccine
production capabilities, the most effective plan for
pandemic preparedness may involve a surveillance
and containment strategy. No country has enough
medicines or vaccines to control a widespread out-
break of pandemic avian influenza. The best solu-
tion to prevention of a pandemic is stopping any
virus from spreading in the first place. Increased
surveillance for avian influenza among poultry and
migratory birds in key Asian countries, along with
provision of funds to compensate farmers for cull-
ing of potentially infected flocks, would align incen-
tives for early detection and eradication. Contain-
ing an initial outbreak wherever it occurs is the best
defense against a pandemic. Notably, China is
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thought to be a potential “hot zone” for emergence
of pandemic avian influenza. China is not only the
most populous nation in the world but has one
quarter of the world’s chickens, two thirds of the
world’s domesticated ducks, and 90% of the world’s
domesticated geese.

The challenges of biosecurity (protecting hu-
mans against animal-borne diseases such as bird
flu) in developing countries include the reality that
populations living in close proximity to poultry are
also the most illiterate and impoverished, with the
most limited access to health care. The recent in-
troduction of H5N1 into Europe has heightened
surveillance efforts in the United States. The intro-
duction of H5N1 into the United States may occur
through movement of migratory birds and/or im-
portation of exotic birds. The surveillance system
has been expanded to include sampling for the
influenza virus not only in poultry but also in bod-
ies of water, as the virus is shed in bird feces.

Pandemic Planning
In the setting of a severe pandemic, hospitals will
face an enormous burden of patients, with a huge
influx of individuals requiring both intensive care
unit as well as regular nursing floor care. At the
local height of such a pandemic, the ability to suc-
cessfully discharge every patient whose condition
will permit this to the community or elsewhere will
be critical, and almost certainly hospitals will need
to expand to accept more patients than they are
normally configured to hold. Hospitals staffs, par-
ticularly nurses and physicians, will be required to
handle very large patient censuses. Among medical
staffs, emergency physicians, hospitalists, critical
care specialists, and infectious disease specialists
will certainly be called on to play leading roles,
much as they were during and in the aftermath of
Hurricane Katrina recently. Despite all of the above,
the ability of existing hospitals to accommodate all
gravely ill patients may be outstripped, and “auxil-
iary” hospitals in schools and other public edifices
may need to be established. Hospitalists are likely
to be called on to play a major role in such tempo-
rary “hospitals.” The frustration and anguish of not
being able to provide a standard level of care to
patients (for example, being forced to triage which
patients are most deserving of mechanical ventila-
tion) should not be underestimated.

Although characterized by a relatively limited
number of patients, the 2003 severe acute respira-
tory syndrome (SARS) outbreak in Toronto, On-

tario, Canada, presented some of the same chal-
lenges that will be encountered in a virulent
influenza pandemic. These include the need to
quickly and drastically modify the usual emergency
department and inpatient procedures, as hospitals
initially serve to amplify the epidemic, as well as the
additional stressor of health care workers becoming
ill as a result of work-related exposure. That fewer
than 400 cases of SARS pushed the medical system
of one of North America’s largest cities nearly to its
breaking point is both sobering and instructive.10,11

Interested readers are directed to an excellent sum-
mary of lessons learned from the SARS outbreak,
most of which are widely applicable to preparations
for future infectious epidemics.12

Infection Control
Although the CDC and other Web sites currently
recommend airborne isolation (respiratory per-
sonal protection) for avian influenza in humans,
there is not strong epidemiologic evidence of trans-
mission other than via droplets (the transmission
mode of human influenza). The emergence of a
limited number of cases of avian influenza in the
United States would allow employment of airborne
isolation measures; but in the event of a larger
outbreak, the use of surgical masks and the practice
of good hand hygiene would be sufficient by health
care workers caring for persons with suspected or
proven disease.

The CDC recently released proposed changes to
help prevent disease outbreaks from contacts of
those exposed to ill persons on airplanes. Proposed
guidelines would require airlines to maintain com-
puterized lists of passengers taken at point of de-
parture in order to facilitate tracking of contacts
and implementation of quarantine if necessary.
These measures are part of pandemic planning and
result from problems in tracking passengers on
planes with SARS cases. By executive order, impo-
sition of quarantine is limited to 9 diseases: cholera,
diphtheria, smallpox, yellow fever, viral hemor-
rhagic fevers (eg, Ebola), plague, infectious tuber-
culosis, SARS and influenza caused by new strains
with pandemic potential.

What Can Be Done?
Although valuable time has elapsed to prepare for
the possibility of an H5N1 influenza pandemic, the
US and global communities are presently taking the
threat seriously and are engaging in a variety of
activities to prepare for such an eventuality. Al-
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though currently available influenza vaccines do
not provide any appreciable protection against
H5N1, significant work is under way to develop an
effective vaccine; with Chiron and sanofi pasteur
preparing vaccine trials in association with the Na-
tional Institute of Allergy and Infectious Diseases.
Current influenza vaccine production is hampered
by use of obsolete egg-based manufacturing pro-
cesses requiring 6 months, along with a limited
capacity to manufacture adequate vaccine supplies
even in many usual influenza seasons. The her-
culean task of providing hundreds of millions of
doses of vaccine as soon as possible after the emer-
gence of a pandemic strain, as daunting as it is, is
further complicated by the fact that a successful
H5N1 vaccine would not necessarily be effective
against a strain that mutated sufficiently to move
efficiently from person to person. Nonetheless,
even partially solving these problems will pay divi-
dends, whether or not H5N1 proves to be respon-
sible for the next pandemic.

Given these difficulties with vaccine develop-
ment and production, the backbone of any success-
ful early response to a pandemic in the near future
will be development of an adequate stockpile of
antiviral medication, accompanied by a successful
plan to distribute the drug when and where disease
erupts. Despite uncertainties regarding their effec-
tiveness as well as questions regarding optimal dose
and duration in the setting of avian influenza, the
neuraminidase inhibitors are the current drugs of
choice. Of the 2 currently available agents, oselta-
mivir is the preferred drug for pandemic use, given
its oral administration,. Unfortunately, the ability to
manufacture the drug in sufficient quantities to
stockpile has thus far proved problematic. Roche,
the manufacturer of Tamiflu, has recently opened a
new manufacturing plant and has stated that it can
increase its current production of 55 million doses

per year to 300 million doses by 2007. We do not
recommend a role for personal stockpiling of neur-
aminidase inhibitors. Concerns include a shortage
of the drug for seasonal influenza, absence of a
pandemic at present, ignorance regarding the effi-
cacy and optimal dose for H5N1, inappropriate use
by individuals, and inequitable distribution. Recent
case reports of oseltamivir resistance emerging dur-
ing prophylaxis13 and treatment14 are of potential
concern but do not alter current recommendations.

What can be done locally and specifically, and
what can hospitalists do to prepare? First, although
we are not sure that Dr Michael Osterholm’s goal
that “planning for a pandemic must be on the
agenda of every public health agency, school board,
manufacturing plant, investment firm, mortuary,
state legislature, and food distributor. . .”8 is en-
tirely realistic, every hospital clearly needs to in-
clude pandemic influenza as a significant part of its
disaster preparedness plan. Such planning will have
broad overlap with planning for other potential di-
sasters, including bioterrorist attacks, SARS out-
breaks, and others. Hospitals must develop a plan
for surge capacity, and such a plan should include
not only coordination with other local hospitals,
but also planning with local communities to iden-
tify sites where temporary “flu hospitals” can be
established. Within hospital medicine groups,
emergency staffing plans should be established be-
fore pandemic influenza (or another disaster)
strikes. Such staffing plans need to include the abil-
ity to care for a much higher than normal number
of patients for an extended period. Conceivably, a
large number of patients will need to be manually
ventilated for prolonged periods, which of course
will tax the resources of any institution. Prompt
discharge of all patients stable enough to leave the
hospital will be critical, and given the investment of
most hospital medicine groups in hospital through-
put issues under normal conditions, much of the
responsibility for helping to create beds during a
crisis will inevitably fall on the shoulders of hospi-
talists.

Experiences during and shortly after Hurricane
Katrina served to underscore that issues such as
physical and mental fatigue, concern for the safety
of family members, lack of supplies, communica-
tion difficulties, and absenteeism all add additional
layers of complexity to the task of providing hospi-
tal care under extraordinary conditions such as
during a natural disaster. These lessons can and
should be extended to a major epidemic. This di-

TABLE 1
Additional Avian Influenza Resources

1. World Health Organization (WHO) Website:
http://www.who.int/csr/disease/avian_influenza/en/

2. Centers for Disease Control and Prevention (CDC):
http://www.cdc.gov/flu/pandemic/

3. U.S. Government Avian Influenza Website: http://www.pandemicflu.gov
4. U.S. Department of Health and Human Services Pandemic Influenza Plan:

http://www.hhs.gov/pandemicflu/plan/
5. Infectious Diseases Society of America (IDSA) Website: http://www.idsociety.org/

Content/NavigationMenu/Resources/Avian_Pandemic_Flu/Avian_Pandemic_
Flu.htm
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saster also showed the importance of military in-
volvement in the response to disasters that exceed
local and state capabilities. The primary objective
of the federal government in responding to disaster
is to maintain security and essential services while
preventing chaos. A pandemic of virulent influenza
will raise the stakes still further, as physicians and
nurses become casualties themselves. Despite these
challenges, we are confident that the vast majority
of hospitalists and other health care workers will
rise to the occasion, and just as during the peri-
Katrina period, stories of selflessness and heroism
will be de rigueur. Appropriate advance planning
on all levels will serve to reduce the morbidity and
mortality associated with the next pandemic and
will help to ensure that health care workers do not
sacrifice needlessly.
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