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Avian Influenza: Preparing for a Pandemic
GREGORY JUCKETT, M.D., M.P.H., West Virginia University School of Medicine, Morgantown, West Virginia

 A
vian influenza has emerged as the 
primary public health concern of 
the 21st century. Although vari-
ous strains of avian influenza have 

been recognized for decades, the scope, lethal-
ity, and mutability of the Asian H5N1 subtype 
make it a likely source of the next human 
influenza pandemic—an event that could 
kill millions. H5N1 no longer is confined to 
waterfowl and poultry in southeast Asia and 
China and appears to be expanding its host 
and geographic ranges.1 As of late June 2006, 
228 persons had been infected with H5N1, 

most of whom had close contact 
with infected birds; 130 of these 
persons died.2 Other mammals 
such as cats and pigs also have 
been infected. Waterfowl migra-
tion helped the virus spread into 
Europe and Africa, and it may 
not be long before it appears in 
North America. Preparing for 

this new threat has replaced eradication as a 
global public health priority.

History of Avian Influenza
Avian influenza A virus is shed in the feces 
of healthy-appearing waterfowl (primar-
ily ducks), which in turn infect chickens 
and other poultry with which they come 
in contact. Mortality rates in chickens and 

other birds can be devastating with highly 
pathogenic strains. Conditions for transmis-
sion and jumping species barriers often are 
ideal in Asia, where poultry, ducks, pigs, 
and humans live in crowded conditions. 
Although pigs were thought to be a necessary 
“bridge” species for avian viruses to infect 
humans, it now seems likely that the avian 
influenza virus is mutable enough to make 
the interspecies leap on its own.3

H5N1 first emerged as a human threat in 
Hong Kong in 1997. An outbreak in poultry 
infected 18 people, six of whom died; how-
ever, the disease seemed to vanish after the 
prompt culling of all poultry in Hong Kong.4 
In 2003, additional cases were reported in 
Hong Kong, followed by serial outbreaks 
of the even more pathogenic “Z strain” 
of H5N1 in Thailand, Vietnam, Indonesia, 
Cambodia, and China in 2004 (Figures 15 
and 26). As the virus became entrenched 
in wild bird populations throughout Asia, 
its 50 percent mortality rate in incidentally 
infected humans ensured “bird flu” a regu-
lar spot in news headlines. In 2006, H5N1 
spread along migratory pathways to Turkey, 
where it caused a human outbreak, and to 
Russia; the virus then spread to Europe and 
several African nations. Human outbreaks 
of H5N1 infection in Asia have declined in 
2006, but this trend could change anytime.

Avian influenza A (H5N1) first emerged as a global public health threat in 1997 when it caused 
a major human outbreak in Hong Kong. Endemic in waterfowl and highly virulent in poultry, 
H5N1 is capable of incidentally infecting humans and other mammals. Although H5N1 is not 
yet capable of efficient human-to-human transmission, the protean nature of its genome could 
transform it into the source of the next human influenza pandemic. In the spring of 2006, 
migrating birds spread the virus from Asia to Europe and Africa. Preparing for a new influenza 
pandemic involves increasing global influenza surveillance and developing practical strategies 
for containing outbreaks at the source. Prompt case recognition, isolation, and treatment will be 
crucial for disease control. Pharmacologic interventions will focus on streamlining the produc-
tion of vaccine, extending vaccine supplies, stockpiling antiviral drugs such as oseltamivir, and 
distributing these agents in a timely manner to persons who have the most need. Nonpharma-
cologic measures will include the use of masks, social distancing, quarantine, travel restrictions, 
and increasing the emergency capacity of health care systems. (Am Fam Physician 2006;74:783-
90. Copyright © 2006 American Academy of Family Physicians.)
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H5N1 is the most virulent subtype in a 
long list of highly pathogenic avian viruses 
that have emerged in recent years. H9N2  
circulated in Asian poultry in 1998 and 
1999, and a 2003 outbreak of H7N7 in the 
Netherlands caused 89 human infections 
with one death.7 Any one of these subtypes 

could mutate into a virus capable of causing 
the next human influenza pandemic, but 
H5N1 is the most dangerous.

History of Pandemic Influenza
Influenza A viruses are known to cause sea-
sonal epidemics as they mutate in small but 

SORT: KEY RECOMMENDATIONS FOR PRACTICE

Clinical recommendation
Evidence 
rating References

Pharyngeal swabs are more effective than nasal swabs in diagnosing 
avian influenza A (H5N1) infection.

C 14

Oseltamivir (Tamiflu) can reduce the severity and duration of symptoms  
if treatment is initiated in the first 48 hours after symptom onset.

C 23

N95 particulate masks should help prevent person-to-person transmission 
of H5N1. Surgical masks prevent only large-droplet transmission.

C 14, 27 

A = consistent, good-quality patient-oriented evidence; B = inconsistent or limited-quality patient-oriented evi-
dence; C = consensus, disease-oriented evidence, usual practice, expert opinion, or case series. For information 
about the SORT evidence rating system, see page 699 or http://www.aafp.org/afpsort.xml.

Figure 1. Nations with confirmed cases of avian influenza A (H5N1) as of July 7, 2006.

Reprinted from http://www.pandemicflu.gov, Accessed July 11, 2006.

H5N1 in wild birds

H5N1 in poultry and wild birds

H5N1 in humans
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significant ways from year to year (i.e., anti-
genic drift). However, worldwide outbreaks 
or pandemics occur only with the sudden 
emergence of a radically different virus  
(i.e., antigenic shift). Influenza viruses are 
classified on the basis of their 16 hemaggluti-
nin (HA) and nine neuraminidase (NA) sub-
types. Pandemic viruses, those with variant 
HA and NA recombinations, are capable of 
attacking immunologically naïve populations 
with devastating results. 

The best example of pandemic influenza 
is the 1918-1919 “Spanish flu” outbreak of 
H1N1 influenza, which killed 40 to 100 mil-
lion persons. The 1918 virus recently has 
been resurrected, and genetic analysis has 
confirmed that it is a strain of avian influ-
enza. However, unlike H5N1 (thus far), 
H1N1 developed the ability to readily infect 
humans and spread by person-to-person 
contact.7 Unlike previous pandemics, which 
had a U-shaped mortality curve (i.e., most 
deaths in the very young and very old), the 
1918 virus killed large numbers of healthy 
young adults, producing a W-shaped mor-
tality curve (Figure 38,9).10 Since 1918, there 
have been two other pandemics: the H2N2 
“Asian flu” of 1957, which killed more than 
2 million persons, and the H3N2 “Hong 
Kong flu” of 1968, which killed 1 million 
persons worldwide.4

In 1976, the “swine flu” (also H1N1) pro-
voked a pandemic scare and mass vaccination 
program, but for unknown reasons, the threat 
never materialized.11 Although criticized as a 
failure at the time, the public health response 
would have been considered heroic had a 
pandemic emerged. Governments around the 
world face similar degrees of uncertainty as 
they confront avian influenza today. 

Many public health experts think that 
another pandemic is overdue. Although the 
theory of a predictable pandemic cycle has 
been discarded, it is inevitable that another 
pandemic will occur.12

Clinical Presentation and Diagnosis
Avian influenza is characterized as a febrile 
respiratory illness (i.e., fever of at least 
100.4° F [38° C]) with leukopenia or lym-
phopenia, nearly always followed by viral 

pneumonia with escalating respiratory dis-
tress. Symptom onset is usually two to five 
days after exposure, longer than with human 
influenza. Chest radiography detects infil-
trates a median of seven days after the 
onset of fever.13 Ventilatory support often 
is required within 48 hours of hospitaliza-
tion for acute respiratory distress syndrome. 
Watery diarrhea, sometimes preceding respi-
ratory symptoms, is fairly common, suggest-
ing viral replication in the intestinal tract.14 
Diagnosis is made by viral isolation or detec-
tion of H5-specific RNA. Pharyngeal swabs 
are preferred for diagnosis over nasal swabs 
because avian viral titers are greater in the 

Human Infections with Avian Influenza

Figure 2. Timeline of documented human infection with avian influenza 
viruses, 1997 to 2005. Sporadic cases of mild human disease associated 
with avian influenza viruses were reported before 1997.

Information from reference 6.

1997	 1998	 1999		  2003	 2004/2005

H5N1
Thailand
22 cases, 14 deaths

Vietnam
93 cases, 42 deaths

Indonesia
13 cases, 8 deaths

Cambodia
4 cases, 4 deaths

China
5 cases, 2 deaths

H7N3
Canada
2 cases

H10N7
Egypt
2 cases

H5N1
Hong Kong
18 cases 
6 deaths

H9N2
China 
5 cases

H9N2
Hong Kong
2 cases

H5N1 
Hong Kong
2 cases, 1 death

H7N7
Netherlands
89 cases, 1 death

H9N2
Hong Kong
1 case
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throat and lower respiratory tract. Reverse 
transcriptase-polymerase chain reaction 
(PCR) assays are more sensitive in detect-
ing H5N1 than commercial rapid antigen 
tests.14 In February 2006, the U.S. Food and 
Drug Administration approved the limited 
release of influenza H/A5 (Asian lineage) 
Virus Real-Time Reverse Transcription-PCR 
Primer and Probe Set for more than 140 
laboratories in 50 states. This test returns 
preliminary results within four hours.15

A history of exposure to infected birds 
is expected because sustained human-to-
human transmission is not yet known to 
occur. Cases of human transmission have 
occurred after intense exposure from car-
ing for infected persons, but the virus is not 
yet well enough adapted to humans to be 
transmitted efficiently from the caregiver to 
other contacts.16

An unusual feature of H5N1 influenza 
is that its high mortality rate appears to 

be related to the production of a “cytokine 
storm” by an overzealous immune reaction, 
not necessarily the virus itself.17 However, 
there is growing evidence that mild cases of 
H5N1 infection may be more common than 
previously thought, and that the virus may 
be adapting to humans. Persons with mild 
illness do not become ill enough to seek 
medical attention, so the actual mortality 
rate may be significantly lower than the 
50 percent rate reported in the literature.18

Precautions
Avian influenza is spread through feces and 
secretions of infected birds. Human cases in 
Asia have been associated with the consump-
tion of raw duck blood, “mouth-to-beak” 
resuscitation at cockfights, and cleaning up 
after or handling infected birds. Exposure 
to fertilizer containing bird feces also poses 
a risk. Travelers to Asia are advised to avoid 
live animal markets and poultry farms. Eating 

Influenza and Pneumonia Mortality Rates

Figure 3. U- and W- shaped combined influenza and pneumonia mortality rates, by age at death, 
per 100,000 persons in each age group (United States, 1911 to 1918). Influenza- and pneumonia-
specific death rates are plotted for the interpandemic years (1911 to 1917, dashed line) and for 
the pandemic year (1918, solid line).

Reprinted from Grove RD, Hetzel AM. Vital Statistics Rates in the United States: 1940-60. Washington: U.S. Government 
Printing Office, 1968, and Linder FE, Grove RD. Vital Statistics Rates in the United States: 1900-1940. Washington: U.S. 
Government Printing Office, 1943.
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cooked poultry poses no risk, although per-
sons who prepare the uncooked birds could 
become infected. With the globalization of 
H5N1, these precautions now apply to Europe 
and Africa, as well as Asia. 

Pandemic Preparedness 
Unlike most pandemics, which emerge ran-
domly, H5N1 has been recognized as a likely 
pandemic candidate for almost 10 years. 
Experts from the World Health Organiza-
tion consider the current pandemic alert 
level to be stage 3 (Table 119), but serious 
preparations such as antiviral stockpiling 
and the streamlining of vaccine production 
started only recently.3 Pandemic prepared-
ness entails pharmacologic and nonpharma-
cologic interventions.

pharmacologic interventions

Pharmacologic approaches include stockpil-
ing antiviral drugs and distributing drugs 
and vaccines in a timely manner. A multi-tier 

approach to prioritize vaccine administra-
tion is planned (Table 2).20 Although an 
experimental vaccine for H5N1 is undergo-
ing human testing, it is unlikely to be avail-
able to any but a small fraction of persons 
needing it until late in the pandemic. At least 
two doses of inactivated H5N1 vaccine likely 
will be needed; for this reason there is inter-
est in live, attenuated, cold-adapted vaccines, 
which would provide a more robust immune 
response but carry an additional risk of viral 
recombination.4,21 Alternatively, the vaccine 
supply could be extended by the use of vac-
cine adjuvants or through intradermal rather 
than intramuscular administration.1 

Antiviral medication will provide a vital 
first response until vaccine becomes avail-
able. Drug resistance to amantadine (Sym-
metrel) and rimantadine (Flumadine) has 
been reported, especially in viral isolates 
from Thailand, Vietnam, and Cambo-
dia.22 This resistance may drastically limit 
the effectiveness of these drugs during a  

Table 1

World Health Organization Classification of Pandemic Stages

Period Stage Description

Interpandemic 1 No new influenza virus subtypes have been detected in humans. An 
influenza virus subtype that has caused human infection may be 
present in animals. If present in animals, the risk of human infection  
or disease is considered low.

2 No new influenza virus subtypes have been detected in humans. 
However, a circulating animal influenza virus subtype poses a 
substantial risk of human disease.

Pandemic alert 3 Human infection with a new subtype of influenza occurs, but human-
to-human transmission has not been reported (or at most, rare 
instances of spread to a close contact).

4 Small clusters of infection with limited human-to-human transmission 
occur, but the spread of the disease is highly localized, suggesting that 
the virus is not well adapted to humans.

5 Larger clusters of influenza infection in humans occur, but human-to-
human spread is still localized, suggesting that the virus is becoming 
better adapted to humans but may not yet be fully transmissible. 
Characteristics in this phase pose a substantial pandemic risk.

Pandemic 6 Increased and sustained transmission of the influenza virus occurs in the 
general population.

Adapted with permission from World Health Organization. WHO global influenza preparedness plans. The role of WHO  
and recommendations for national measures before and during pandemics. Publication no. WHO/CDS/CSR/GIP/2005.5. 
Geneva, Switzerland: World Health Organization, 2005:2. Accessed June 22, 2006, at: http://www.who.int/csr/
resources/publications/influenza/WHO_CDS_CSR_GIP_2005_5.pdf (password required).

Avian Influenza
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pandemic. The neuraminidase inhibi-
tors oseltamivir (Tamiflu) and zanamivir 
(Relenza), which inhibit viral release from 
cells, usually are effective, but only if these 
agents are used during the first 48 hours 
of illness. Oseltamivir at a dosage of 75 mg 
twice daily for five days (for treatment) or  
75 mg daily for seven to 10 days (for post
exposure prophylaxis) is the only neuramin-
idase inhibitor that may be taken orally; 
thus, it is practical but costly to stockpile.23 
Oseltamivir reduces the severity of illness by  
40 percent (with reduction of lower respi-
ratory symptoms) and its duration by  
30 percent.24 Oseltamivir at lower dosages  
is indicated in children 12 months and older. 

Oseltamivir resistance in H5N1 infections 
has been reported occasionally.25 It is possi-
ble that a mutant strain could be resistant to 
neuraminidase inhibitors, effectively negat-
ing this approach. However, even if the virus 
remains sensitive, these drugs would have to 
be distributed and available for use within 
the first one or two days of illness.

The production of oseltamivir is limited 
by the availability of an essential precursor, 
shikimic acid, which is derived from the 
seed of star anise; all available supplies are 
being used.26 Little if any oseltamivir will be 
available in developing countries—where an 
avian influenza epidemic is most likely to 
originate—unless it is donated from another 
country’s stockpile. 

Another pharmacologic approach involves 
calming the immune system’s cytokine storm 
that results in respiratory failure. The use of 
statin drugs for hyperlipidemia seems to 
increase survival rates in patients with septic 
shock, and there is evidence that these agents 
also could reduce the risk of dying from 
pneumonia by 26 percent in patients with 
H5N1 infection if they are taken in advance 
of infection.27 It is not yet clear if statins 
would be effective after the onset of illness, 
and their use remains controversial. Unlike 
oseltamivir, statins could be stockpiled and 
made widely available at a reasonable cost.

nonpharmacologic interventions

Nonpharmacologic interventions include the 
use of influenza surveillance, social distanc-
ing (e.g., school closures), travel restrictions, 
quarantine, surgical and N95 particulate res-
pirator masks, communications networking, 
and international teamwork to cordon off 
infected areas. No controlled studies have 
assessed the effectiveness of masks in pre-
venting influenza transmission, but surgical 
masks likely will reduce only large-droplet 
exposure.14,28 Caching portable ventilators 
in advance and expanding emergency capac-
ity likely will save many lives.29 The severe 
acute respiratory syndrome epidemic of 
2003 provided an unprecedented practice run 
for these interventions; however, an influ-
enza pandemic would be more difficult to 
control because of the virus’s much higher  

Table 2

Prioritization of Influenza Vaccination During a Pandemic

Tier Description

1A Health care workers with direct patient contact and critical health 
care support staff

Vaccine and antiviral manufacturing personnel

1B Highest-risk groups:

Patients 65 years and older with at least one high-risk condition

Patients six months to 64 years of age with at least two  
high-risk conditions

Patients hospitalized in the past year because of pneumonia, 
influenza, or another high-risk condition

1C Household contacts and out-of-home caregivers of children 
younger than six months

Household contacts and out-of-home caregivers of severely 
immunocompromised persons

Pregnant women

1D Key government leaders and critical pandemic public health 
responders

2A Other high-risk groups:

Patients 65 years and older with no high-risk conditions

Patients six months to 64 years of age with one high-risk 
condition

Children six to 23 months of age

2B Other public health emergency responders, public safety 
workers, utility workers, critical transportation workers, and 
telecommunications workers 

3 Other key government health care decision makers

Persons providing mortuary services

4 Healthy persons two to 64 years of age with no high-risk conditions

Adapted with permission from Temte JL. Preparing for an influenza pandemic: vaccine 
prioritization. Fam Pract Manag 2006;13:34.
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reproduction rate (i.e., “R value,” or the 
number of secondary cases generated by one 
infected person in a susceptible population).30

Final Comments
Although we are much more prepared for a 
pandemic than in 1918, this applies far more 
to developed countries than to the develop-
ing continents of Asia and Africa, where 
many persons live in crowded, unhygienic 
conditions. Much of the world’s population 
today constitutes what has been termed a 
“tinderbox” awaiting the flame of infection.31 
Many impoverished nations cannot meet 
routine public health needs, let alone cope 
with a pandemic.

Because of budgetary cutbacks, the public 
health infrastructure in America is weaker 
than it was during the 1976 swine influenza 
scare. The number of available hospital beds 
has been reduced by managed care, and res-

pirator availability and emergency response 
capacity also are reduced.29 There is little 
excess capacity left in the country’s health 
care system, and few places to go if a pan-
demic hits. 

The recent governmental planning report5 
on avian influenza provides general guid-
ance but essentially delegates responsibility 
for preparedness to the state and munici-
pal levels. In addition, the production of 
influenza vaccine remains a cumbersome 
six-month process based on the availability 
of fertile chicken eggs, and it is slowed down 
by quality-control and manufacturing prob-
lems, such as those that occurred during the 
2005-2006 influenza season. More govern-
mental support of the vaccine production 
system will be needed to speed and boost 
production, possibly through techniques 
other than egg-based technology. Govern-
mental support also will be required to insti-
tute a centralized distribution and rationing 
system capable of functioning under pan-
demic conditions.

Table 3 lists Internet resources where addi-
tional information about avian and pan-
demic influenza may be found.
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