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Avian influenza (HSN1) has recently been recognized as a new emerging
infectious disease that may pose a threat to international public health.
Most recent developments lead to the belief that HSN1 could become
the cause of the next influenza pandemic. This review discusses the
characteristics of HON1 avian influenza virus as an emerging infectious
disease with the potential for pandemic development. In addition, the
current pandemic influenza alert status and guidelines for pandemic
preparedness, treatment, and prevention are discussed.

ecent events such as the increase in cases of avian influ-

enza in Southeast Asia and the cases of avian influenza

in humans bring an important concern to public atten-

tion: infectious diseases cross species barriers and can
lead to pandemics (1, 2). The same problem was brought to
our attention during the outbreak of severe acute respiratory
syndrome (SARS) in 2002-2003 (3, 4). Many infectious dis-
eases are known to cross species barriers, and generally many of
these infections occur because humans come into contact with
an organism that is already capable of causing human infection.
In other cases, a change in the host range of the microorganism
occurs, making the infection of humans more effective. The
majority of these infections are considered zoonotic, meaning
that the usual host for the organism is a nonhuman vertebrate
animal. However, most emerging infectious diseases are initially
considered “spillovers” from the established animal reservoir.
Many of these infections are also called “dead-end” infections
because they die out eventually when effective human-to-human
transmission cannot be established. However, these observa-
tions are often made retrospectively after the disappearance of
a disease that temporarily caused human infections.

From a historical perspective, the assignment of “usual” hosts
in some zoonoses is rather arbitrary, and the organism is found
in several vertebrate species. In most cases, humans come into
contact with the animal itself, animal excreta, or animal parts
(e.g., feathers, meat), or an insect is the vector of transmission
of the infective microorganism. Classic examples of these forms
of disease transmission are Lyme disease (Borrelia burgdorferi),
plague (Yersinia pestis), hantavirus, and rabies virus.

When cases of human monkeypox occurred in the USA in
2003-2004, the cases were linked to the close contact between

16

/| Avian influenza (H5N1)
in Asia, as of 7 October 2005
® 1| human case, Dec 04 - Oct '05
@ 1 human case, Jul ‘04 - Oet '04
@ 1 human case, Dec "03 - Mar '04
Cambodian = 4
Thailzad n =17
Vigt Nam n = 91 (64, Dac 04 - Oct 05)
Indonesia n = 4
i ith animal outhreaks,
B Forted sace Apil 2005

"] affected countries since Dec 2003
{with animal outhresks)

Dt gource; FADAIE/WHD; Bt authoiies

Disiclaimer: iom of material on the maps i imply th ian af any opinkn whatsoever on the part of
the Werld Health Qrganization concarnisg the legal status of any coutry, territory, iy of areas of its authorites of its frontiers of boundaries.

Figure. Avian influenza (H5N1) in Asia. Courtesy of the World Health Organi-
zation.

humans and the infected animals (prairie dogs and other pet
animals) (5). In Africa where the disease is endemic, outbreaks
of monkeypox in humans are primarily associated with the
hunting, skinning, preparing, and eating of infected rodents
and monkeys (6). Person-to-person transmission in the African
outbreaks has only occasionally been documented. When it oc-
curred, transmission of the virus rarely extended beyond three or
four transmission cycles. Ongoing research and vaccine develop-
ment, as well as prohibitions on the import of exotic animals,
should prevent another outbreak of monkeypox in the USA.
Concerns have since been raised that monkeypox could poten-
tially be used as a weapon for bioterrorists, and the outbreak in
2003 remains a constant reminder to health care providers to stay
alert to the possibility of a new or re-emerging infectious disease.
However, the likelihood that monkeypox will be a substantial
bioweapon in the hands of terrorists remains low.
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The outbreak of SARS coronavirus (SARS-CoV), on the oth-
er hand, represented a much greater threat to public health than
monkeypox. Strong evidence exists that this new coronavirus
was present in China in a population of animals, including the
Himalayan palm civet (7). It appears that the virus broadened
its host range by minimal molecular changes and then became
capable of infecting humans. The concerning feature in SARS
was that the virus, in addition to having a broadened host range,
was capable of human-to-human transmission. SARS-CoV was
isolated from sputum samples, nasal secretions, bronchial wash-
ings, serum samples, and fecal samples (8). Several cases were
reported to have occurred in health care workers involved in
high-risk aerosol- and droplet-generating procedures, such as
airway manipulation, bronchoscopy, and intubation. Some of
these cases occurred despite the use of personal protective equip-
ment (8). Updated infection control guidelines are available
from the Centers for Disease Control and Prevention (CDC)
at http://www.cdc.gov/ncidod/sars/ic.htm.

Epidemiological evidence from SARS outbreaks in China,

Taiwan, and Toronto suggested that transmission of the virus
did not occur before the onset of symptoms or after resolution of
symptoms. One study documented the shedding of SARS-CoV
in stool for up to 64 hours after the resolution of symptoms,
using reverse transcriptase—polymerase chain reaction for identi-
fication of viral RNA (8). However, later epidemiologic studies
concluded that in general viral transmission in humans is some-
what inefficient, and newer seroprevalence studies suggest that
SARS-CoV no longer circulates within the human population
(9). Nevertheless, the possibility of clinically silent infections
or of long-term virus carriers has not been fully excluded (4).
According to several expert panels, the re-emergence of SARS-
CoV with epidemic or pandemic potential is a low possibility
at the present time.

These initial considerations regarding infectious diseases
with potential to cross species barriers lead to yet another dis-
ease of concern: avian influenza. In the last few years, a highly
pathogenic subtype of avian influenza viruses, hpH5N1, has
swept through poultry populations across Asia and now parts of
Europe. These outbreaks are historically unprecedented in scale
and are geographically spread (Figure). From December 2003 to
mid July 2005, outbreaks of avian influenza (H5N1) in poultry
occurred in nine countries (Cambodia, China, Indonesia, Japan,
the Republic of Korea, the Lao People’s Democratic Repub-
lic, Malaysia, Thailand, and Vietnam). Since late July 2005,
outbreaks in domestic poultry as well as wild birds have been
reported in the Russian Federation, Kazakhstan, and Mongolia.
On October 13, 2005, tests conducted by the World Organi-
zation for Animal Health confirmed the presence of hpH5N1
avian influenza virus in samples taken from domestic birds in
Turkey and Romania (10, 11). In addition, this virus has re-
peatedly jumped the species barrier and infected 125 humans
as of mid November 2005, with cases occurring in Cambodia,
Vietnam, Indonesia, and Thailand. Sixty-four of these cases were
fatal (12). This trend of global spread of the disease, together
with the increase in human cases of H5N1 avian influenza, raises
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strong public concern about the next steps the disease will take
in evolving into a new influenza pandemic.

To improve understanding of the impact avian influenza
may have on the public health infrastructure and the health
care system, three aspects of influenza infection are discussed
briefly in this article: What is the nature of the disease? What is
the risk for a pandemic, and will it persist? What can be done
to prevent or counteract disease outbreaks?

BIOLOGY AND NATURE OF AVIAN INFLUENZA

The family Orthomyxoviridae contains four genera, as de-
fined by the Seventh Committee for the Taxonomy of Viruses:
influenza A, B, and C viruses and thogavirus (sometimes referred
to as influenza D virus). Influenza type A viruses can infect
people, birds, pigs, horses, seals, whales, and other animals, but
wild birds are the natural hosts for these viruses. Several sub-
types of influenza A viruses exist and are classified based upon
the proteins on the viral surface, specifically the hemagglutinin
(HA or H) and the neuraminidase (NA or N) (13, 14). Sixteen
different HA subtypes and 9 different NA subtypes have been
described for influenza A, and many different combinations of
HA and NA proteins are possible. However, only three major
influenza A subtypes (i.e., HIN1, HIN2, and H3N2) are
currently circulating in the human population. The HA and
NA viral envelope proteins, as well as the M2 protein, are the
medically most relevant proteins, since they are essential viral
proteins that are targeted by host antibodies or antiviral drugs
such as oseltamivir and rimantadine (2).

Influenza B viruses are normally found only in humans
and are not further classified according to subtypes. On some
occasions, influenza B viruses have caused human epidemics,
but they have never been described as a cause of pandemics.
Influenza C viruses cause only mild illness in humans and do
not cause epidemics or pandemics.

The various subtypes of influenza A and influenza B viruses
are further subclassified into different strains, which change
seasonally. Humans can be infected by influenza viruses of all
three types, but only influenza A viruses infect birds. Most of
these viruses cause no significant illness in wild birds, which are
typically the natural host for all subtypes of influenza A virus.
However, domestic poultry, such as chickens and turkeys, de-
velop a severe illness and can even die from influenza.

Avian influenza (H5N1) is a type A influenza virus. Many
subtypes of avian influenza A have been described; some of the
more recent isolates were H7 and H5 viruses. In addition, avian
influenza viruses H5 and H7 can be further classified as “low
pathogenicity” (Ip, LPAI) and “high pathogenicity” (hp, HPAI)
based on genetic features of the viral genome and the severity
of illness they cause in poultry. HPAI is usually associated with
high mortality (90%-100%) in poultry, but at this time it is
not clear how the distinction of high and low pathogenicity
relates to human disease.

Avian influenza viruses do not infect humans on a regular
basis, and all influenza viruses usually show some receptor
specificity for their hosts, i.e., birds and mammals. This recep-
tor specificity of influenza viruses has been defined in terms
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of their recognition of sialic acid species and
the type of glycosidic linkage between sialic

Table. Stages of a pandemic*

acid and penultimate galactose in the host

cell membranes (15). When avian influenza
viruses cross species barriers and subsequently
become infectious to humans, this is com-
monly believed to occur via an intermediate .

. o Interpandemic
host, e.g., the pig. A change in viral envelope
protein structure, together with the interac-

tion between these viral surface proteins/

Period Phase | Description
No new influenza virus subtypes have been detected in humans.
y 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 to be low.

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

receptors and the cell surface receptors of
mammalian cells, enables the virus to become
infective for the new host. However, contro-
versy exists within the scientific community
about the existence and necessity of such an
intermediate host in the transmission cycle
of influenza viruses. In the past, several avian
influenza viruses were able to directly infect
humans. The human infections caused by the
avian influenza hpH5N1 subtype in Hong
Kong in 1997 also demonstrated a capability

Pandemic alert

Human infection(s) with a new subtype of influenza occur, but no
3 human-to-human transmission or at most rare instances of spread
to a close contact are reported.

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

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

of direct human infection without passing

. . Pandemic
through an intermediate host.

The pandemic state is reached, and increased and sustained

6 . . . : .
transmission of the influenza virus occurs in the general population.

Influenza viruses can change in two ways.
One type of change, “antigenic drift,” occurs
through small changes in the virus that hap-
pen continually over time. Antigenic drift produces new virus
strains that may not be recognized by antibodies to earlier in-
fluenza strains. The other type of change, “antigenic shift,” is an
abrupt, major change in the influenza A viruses’ hemagglutinin
protein or hemagglutinin and neuraminidase protein combina-
tion that has not been seen in humans for many years.

PANDEMIC INFLUENZA

Pandemic influenza A viruses emerge as a result of anti-
genic shift. The appearance of a “new” influenza virus is the
first step toward a pandemic. The stages in the development
of pandemics are outlined in the 7zble (16). Three major in-
fluenza A pandemics were recorded during the 20th century:
the 1918-1919 “Spanish flu” representing the HIN1 influenza
virus, the 1957-1958 “Asian flu” (H2N2), and the 1968-1969
“Hong Kong flu” (H3N2) (17). The 1918-1919 pandemic
caused the highest number of casualties: more than 500,000
people died in the USA, and more than 50 million people died
worldwide. The “Asian flu” in 1957—-1958 caused about 70,000
deaths in the USA, and the “Hong Kong flu” in 1968-1969
caused about 34,000 deaths. No prediction models exist to
forecast the number of deaths for a future pandemic of avian
influenza.

It should also be mentioned that subtypes of avian influenza
A other than H5N1 have sporadically caused human disease,
and additional subtypes have caused disease in domestic birds
(18). An outbreak of H7N3 avian influenza occurred in Feb-
ruary 2004 in poultry in the Fraser Valley region of British
Columbia, Canada. Culling operations and other efforts con-
trolled the outbreak of the virus. During this period, two cases of
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laboratory-confirmed human infection with H7 influenza virus
were reported: one person was involved in culling operations;
the other person was a poultry worker. Both patients developed
conjunctivitis and flulike symptoms, which resolved upon treat-
ment with oseltamivir. In October 2003, a human case of H7N2
avian influenza was reported from New York. Poultry infections
with H7N2 were also reported from Maryland, New Jersey, and
Delaware in 2004. An outbreak of H5N2 avian influenza oc-
curred in poultry in Texas in February 2004. No human cases
were reported during this outbreak. Although it appears that
the risk of human infection by these other subtypes of avian
influenza viruses is low, it must be considered that human infec-
tion is generally a possibility.

PREVENTING AND COUNTERACTING DISEASE OUTBREAKS

The CDC has published interim guidelines to help limit
the possibility of human infections during outbreaks of avian
influenza in domestic birds and poultry in the USA. Human
influenza is thought to transmit primarily via large respiratory
droplets; treatment for epidemic human influenza A rests on
annual vaccination campaigns, antiviral treatment, and standard
contact precautions plus droplet precautions, which are recom-
mended for the care of patients infected with human influenza.
However, given the uncertainty about the exact modes by which
avian influenza may first transmit between humans, additional
precautions for health care workers involved in the care of
patients with documented or suspected avian influenza may
be prudent. The rationale for the use of additional precautions
for avian influenza as compared with human influenza includes

the following (19):
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e It is possible that avian influenza H5N1 (HPAI) carries a
higher risk of serious disease and increased mortality com-
pared with known forms of human influenza A.

e Itisa current concern that avian H5N1 viruses are becom-
ing more infectious for humans, thus facilitating infection in
a greater number of people and resulting in more clusters.

e Itcould also be possible that the avian H5N1 viruses might
eventually become capable of effective human-to-human
transmission.

These concerns, which are widely shared among public
health officials, are based on risk assessments conducted by
the World Health Organization (WHO) and CDC. Based on
these risk analyses, the CDC issued interim recommendations
for the treatment of patients with suspected avian influenza.
All patients coming to a hospital or emergency room with fever
and respiratory symptoms should be managed according to the
recommendations for respiratory hygiene and cough etiquette.
Information about their most recent travel history will help in
establishing the possibility of an avian influenza case. The CDC
recommends that all patients with such symptoms and a history
of travel to a country where avian influenza activity has been re-
ported should be managed using isolation precautions similar to
those recommended during the SARS epidemic. These measures
include standard precautions (i.e., careful hand hygiene and
awareness of the infectious potential of patients and material
they came into contact with), contact precautions (i.e., gowns,
gloves, etc.), and eye protection (i.e., goggles and face shields)
(19). In addition, patients with suspected avian influenza should
be placed in an airborne isolation room with negative air pres-
sure and 6 to 12 air changes per hour. The exhaust air should
be vented directly to the outside, or if recirculation is necessary,
a high-efficiency particulate air (HEPA) filter should be used.
Personnel directly involved in the care of such patients should
wear a fit-tested respirator (e.g., N-95 air filter). Additional
information regarding these recommendations is available at the
websites of the CDC and the WHO (16, 19). Other measures
that may control an outbreak include vaccination of health
care workers and good surveillance and monitoring of health
care workers.

SUMMARY AND CONCLUSIONS

Experts at the WHO believe that the world has now come
closer to another influenza pandemic than at any other time
since 1968 (16). The WHO expert panel considers the current
pandemic alert to be phase 3 (Table) (16). Evidence shows
that avian influenza hpH5NT1 is now epidemic in parts of Asia
and has recently been identified in some European countries.
Several human cases of avian influenza have occurred in Asian
countries. Therefore, the initial requirements for the develop-
ment toward a pandemic have been established except for
larger clusters of human disease and, most important, efficient
human-to-human transmission. However, each human infec-
tion represents an opportunity for avian influenza to gain the
ability to effectively infect humans, with possible consecutive
human-to-human transmission. In addition, some ominous
changes have been observed in the disease in animals, and
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outbreaks have occurred despite aggressive control measures
including the culling of more than 140 million poultry. Wild
migratory birds, historically the reservoir of avian influenza A
viruses, are now dying in large numbers from hpH5N1 influ-
enza virus, while domestic ducks do not show significant signs
of the disease and play a more silent role in maintaining the
transmission of the virus by shedding large quantities of it.

Because a pandemic threat cannot be predicted, a sensi-
tive early warning system is necessary to detect changes in
the behavior of the virus. Improving pandemic surveillance
additionally requires more research in secure laboratory set-
tings to investigate viral reassortment, biologic behavior, and
transmissibility. In addition, vaccines and antiviral drugs are the
most important medical interventions for reducing morbidity
and mortality during a pandemic. But neither will be available
in adequate supply in any country at the beginning of a pan-
demic. Antiviral drugs will assume an especially critical role in
the management of patients because of the initial short supply
of vaccines. In addition, nonpharmaceutical measures will have
to be considered in all countries to reduce morbidity, mortality,
and social disruption.

The above descriptions of two diseases, SARS and avian
influenza, illustrate the epidemiologic significance of the
transmission of infectious agents from animals to humans. This
transmissibility depends on several factors, such as the density
of the infected animal hosts (e.g., poultry), the frequency with
which humans come into contact with infected animals, the
susceptibility of the human host to the virus, and the biology
of the virus itself, including the efficacy of human-to-human
transmission. In Asia, many of these prerequisites for pandemic
development have been met: large numbers of poultry remain
infected with hpH5N1 influenza A virus, close contacts between
susceptible humans and infected animals occur frequently, and
increasing numbers of human infections have recently been
reported. Even if human-to-human transmission has not been
conclusively identified at this point, we can anticipate additional
human cases, and the risk of a more efficient human-to-human
transmission of the virus remains a possibility. In conclusion,
the possibility that hpH5N1 avian influenza could become the
next pandemic subtype of influenza A virus is real. Given the
constantly changing nature of influenza viruses, the exact timing
and severity of the next pandemic cannot be predicted.

Furthermore, three other influenza A viruses have caused
pandemics in the past 100 years and continue to circulate in
the human population, causing yearly, smaller epidemics. With
the focus on the possibility of a pandemic caused by H5N1
avian influenza, we should not forget the burden of illness
caused by these other influenza A viruses already known to
cause significant human infections, which have considerable
annual morbidity and mortality rates. As we consider a future
in which we must be concerned with increasing numbers of
emerging infectious diseases, it is imperative that we augment
existing public health and research capabilities. The global and
domestic surveillance of infectious diseases by organizations like
the WHO or the CDC has been remarkable and has provided

us with successful tools to prepare for and contain disease out-
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breaks. However, as the current developments of the hpH5N1
avian influenza epidemic illustrate, these disease surveillance
and control efforts must be increased to safeguard public health
as well as to improve animal welfare. Although the disease will
continue to break the species barrier, the ultimate goal of all
disease surveillance, research, and development is the avoidance
of a major pandemic of H5N1 avian influenza.

Comment

Data presented in this article reflect the status quo as of No-
vember 14, 2005, the date it was submitted with final revisions
to Baylor University Medical Center Proceedings and accepted for
publication. Changes in epidemiology and the course of the
disease may occur between the time of submission and publica-
tion. Interested readers are encouraged to review more recent
publications from the WHO and the CDC when assessing the
risk of an avian influenza outbreak/pandemic.
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